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Q< Di — 14 k2 + 1 


CEE 


— 4 
MEET CT gaiipieut MI <Ù 


TG “4 
Ms < VE d'où me < EVE pourk> 1 
Ge <0 
3—am< ÿT > VE pair k<1 


On pourra prendre par exemple, 0.240 < k < 0.273 
1217 <k < 1,393 


par exemple, k= 015, k= 1.25. 


Note: On trouve dans Diophante des exemples d'inégalités du second degré V, 30, 10. 
Voir la discussion qu'en fait Heath, Diophantus, op. cit., pp. 60—65. 
D'autre part la décomposition du trinôme du second degré en ua carré de binôme du premier 


degré est explicitement attribuée à Diophante par al-Karaÿi dans al- Fakhri (Caire M 1663, 
£. 22a, 24) encore qu'on u'en voit pas d'exemple dans l'Arithmétique de Diophante, éd. Tannery. 


a 
ération que uous avons faite que la racine de (3k2— 7) est, suivant le cas 


La cons 
zou ; — 38 est également faite par al-Kurajï par exemple dans “Hal Hisb al- 


1 
3% 
jabr w'al-mugäbala, MS Bodl. Oxford. I. 986, 3, £. da, 1, 1, et of- Fakhï, Caire MS 8663, f. 
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4ème siècle H. comme le 3ème d’ailleurs furent en effet une époque de recherche active où 
l'esprit critique — que l'on voit poindre ici — avait tous ses droits. On pense à ces réunions de 
penseurs et philosophes des 3ème et ème siècles, où chase inouie, des hommes de races, de 
confessions, d'appartenances différentes mettaient leurs livres révélés de côté, pour discuter 
au nom de la raison.® Abû Jn‘far se fait ici l'écho des critiques soulevées à propos de la théorie 
des nombres et des recherches entreprises, Le fait qu'il nous propose de trouver quatre nom: 
bres dont la somme est un carré et qui ajoutés deux à deux donnent un carré signifie sinon 
qu'il en avait la solution du moins qu’il était aux ln voie de la recherche. Ce joli problème est 
digoe de figurer daus des commentaires sur Diophante comme au ont écrit al-Büsjänï ou al. 
Samaw'al, La solution que nous en donnons à la manière de Diophante montre que le problème 
n'eut pas au-dessu des possibilités d'Abü Jatfar. 11 s'agit de trouver des nombres possédant 
les propriétés énoncées, On peut voir une solution par Fermat du système ax +b= [], 
ex+d= Chex+f= [ji dans T. L. Heath, Diophantus, p. 321. 


Problèma : Trouver quatre nombres dont la somme est un carré et qui, additionnés deux à deux 
donnent des carrés 


Solution: Soient a, b, c, d,ces quatre nombres. Nous faisons & = 22, b = — 2 mx + m2. 
€ = 2nen?, d = Bpx + pè. de sorte que à db, a + e, a 4 d sout des carrés. La somme 
D+btokdæ xt + 2(—m tn + pjx + m2 + n?+ pl sera identique à un carré, si nous 


prenons (m— n + p)2— (m2 + n2 + pè) où — Zn —2mp + Anp = Um ps Éte 
lité vérifiée par une infinité de solutions (m, np) entières ou rationnelles, Reste à égaler 
bc b+ d, + d, à des carrés 


2n—m)e+nit me Up—m)s tits Up+nk+p+n 
Nous rédnisons la diffculté en prenant deux de ces trois expressions égales. Il suffit de 


1 
prendre n = p. Faisons par exemple, n = p = 1, d'où m = 


BR miel 


items, 5+ 


derendre dx+5 et 44x42 carrés. 


445 = 
Posons 
dx +2 = 02 
u2— 5 
D'où x= 4 où uw est rationnel,et u?—vè u et vw  rationnels, 
u+v=sk 
Posons 4 
uv Krationnel, 
su de+1 RS ART + 1 
Alu … " 
CEE DS ve TZ 


1 
Condition b=—z4 > 0, pour 0 << + 


6. Voir al-Dabbi, Bughyat al-multamis fi térikh rijôl ahl al-andalus (Caire, 1967), p. 155. 
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entre les textes grecs de Diophante tels qu'ils ont été connus des Arabes et ceux qui sont onser. 
vés de nos jours, En même temps elle confiriné l'affirmation émise par Roshdi Rashed que le 
livre HIT du texte est conforme au livre HI de la traduction arabe.? 

Texte Cette proposition pourrait fournir un moyen de trouver quatre 

42 nombres dont la somme est un carré et qui udditionnés deux à deux donnent 
des carrés. Car il convient de tirer des propositions préliminaires, leurs 
conséquences immédiates sans chercher à augmenter le nombre de ces 
propositions.3 Que de résultats et de questions posées dans les proposi- 
tions que Nicomaque nous a données dans la théorie des nombres (sinä- 
“at al-“adad) et dans les Eléments qu'Euclide a transférés de la théorie 
des nombres à ses trois livres arithmétiques, éléments qu'il a démontrés 
au moyen de segments et qu’il a couronnés, par la recherche du nom- 
bre parfait qui est le but suprême. Euclide a placé les nombres par- 
faits dans la catégorie des nombres pairs car les arithméticiens ont 
réparti les nombres pairs en trois classes: surabondants, déficients et 
parfaits, Il n'auraient pas dû caractériser les nombres pairs par cette di- 
vision puisqu'on a trouvé des nombres impairs surabondants et défi- 
cients. On s'est demandé de même s'il existe un nombre parfait impair. 
Une autre question importante que l’on peut se poser c’est si le nom- 
bre parfait peut se trouver dans certains ‘güd* et pas dans d’autres. 
Car les commantateurs du livre de l'Arithmètique* ont dit qu'il y a un 
nombre parfait dans chacun des ugüd. (Mais tant s’en faut) car les lec- 
teurs de ce livre sont nombreux et ceux qui approfondissent ses notions 
s0nt très rares. Or les personnes qui acquièrent un renom dans la science 
(sinätat) ne doivent pas se contenter d'en connaître les généralités mais 
être maîtres aussi de ses plus petits détails. Le début de chaque science 
est généralités la perfection en est dans les minuties, 


Observation: L'intérét du langge précédent est évident: il évoque un climat. L'attitude 
d'Abü Jafar qui n'est pas celle d'un isolé est que le rôle de savant ne doit pas se limiter à celui 
de transmettre, Bien des questions laissées suné réponse attendeut de lui leurs solutions, Le 


2. Voir l'important article de Roshdi Rashed, +Les travaux perdus de Diophante,"' Revue d'His- 
toire des Sciences, 27 (1974), 99-122, p. 1054 28 (1975), 3-30, 

3H est possible que ln suppression, par un copiste, de lu négation 1° avant le mot convient ait 
modifié le sens de la phrase. 

4. “agd, pl. “ugñd signifie foi lu classe des unités, celle des diraines, des centaines, des milliers, des 
disaines de mille... Dans l'Arithmétique de Nicomaque il est dit que dans chaque classe jusqu'à celle 
des mille, il y a un nombre parfait et un seul: 6, 28, 496, 8128. { Kütab al-madhhal ilà “ilm al-adad, 
trad. Thäbit b, Qurra, W. Kutsch, S.J., (Beyrouth, 1958) pp. 38-29). 

5. I s'agit évidemment de l'Arithmétique de Nicomaque qui connut chez les Grecs et les Arabes 
un crédit considérable. Jamblique (283-340) énonça qu'il y avait dans chaque classe de nombres, unités, 
disaines, ete. . … . ; jusqu'à l'infini un nombre parfait et un seul, affirmation erronée (Voir Dieksons 
op. oit., Vol. L p« 4). On doit à Thâbit b. Quera un mémoire sur les nombres parfaits (F. Wocpeke, Jour. 
An. 20 (1852), 420-9). Le 5ème nombre parfait 35550336 se trouve mentionné dans un ms. latin daté 
‘en par tie de 1456, en partie de 1461 (Dickson, op. eit., p. 6). 


Teste 
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Et nous avons 
æy 


(l 


lac—bdl? + (be + ad)? 
(ac + bd)? + |be—adf? 
= ja'c—b'd? + (b'e+ ad)? 
= (a'e + b'd)2+ |b'e—adf 
Si un nombre x se décompose en une somme de 2 carrés de deux 
manières différentes et si un carré y? se décompose d'une seule manière, 


leur produit se décompose de six manières différentes en une somme de 
2 carrés. 


2m ect 
Aux quatre décompositions déjà vues s'ajoutent : 
ay? = où (e + de) + (et + d) 
x? = a"2 (e + d?) + b? (e? + d?) 
Ex: 65:25 ete... 


(Si un nombre est une somme de deux carrés dé deux manières, 
son carré l'est de quatre manières). 
z=a+hee + 
D'où æ= (2ab)? + la? —b?, 
et 22 = (2d)? + le —dF . 
On a aussi x? = (ad + bc)? + |ac—bd|?, 
x? = (ac + bd)? + jad—bel?. 
La question est exposée dans le texte sur 65 — 82 + 12 — 42 + 72, 
et les résultats groupés dans un tableau. 
a 167463 60 +25 Los] 16 | 63 [3969 
a2= 562 4382 — 392 4 592 [| 7 
L'auteur ajoute: La décomposition de | 625] 25 | 60 |3600 
65% en somme de deux carrés est ce que {1089 | 33 | 56 |3136| 
Diophante a placé en tête de la question || | | 
(gaddama) que nous avons rappelée: Trouver [1521] 39 | 52 12704 
quatre nombres qui ajoutés successivement au carré de leur somme 
donnent des carrés et qui, retranchés du carré de leur somme, donnent 
des carrés, 

Observation: Nous avons rendu le mot qaidama par placer en tête, Ce mot signifie également 
donner en lemme et l'expression utilisée par l'auteur dans le paragraphe 35 rend clairement 
cette dernière signification : al-mugaddima allati goddamaha Dyhofanfus lil'-mas'alat al-täsi‘ata 
Sahara, Daus le texte établi par Taunery la décomposition de 652 en somme de deux carrés 


de quatre munières est rapportée dans le texte de la prop. 19 du livre III, mais en lemme, Si 
notre interprétation du mot qaddama est exacte, cette circonstance montrerait les différences 


Texte 
37 


Teste 


Texte 
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Quelques propriétés des nombres qui se décomposent en sommes de 
carrés, utiles dans certaines questions et éclairant le lemme dont Diophante 
a fait précéder la proposition III, 19 de son Algèbre. 

Si x est une somme de deux carrés son carré est aussi une somme de 
deux carrés, 

x = 02 +062, x?= (2ab)?+ (a?—b2)?, 

Si x est une somme de deux nombres plans semblables, son carré 
est une somme de deux carrés. 

x = ab+ed avec a:b = c:d. Donc (ab)(cd) est un carré (Euclide, 
IX, 1). x? = 4(ab) (ed) + (ab — ed)?. 

Si un carré se décompose en une somme de 2 carrés, son carré se 
décompose en une somme de 2 deux carrés de deux manières différentes, 

22 = a? + b? donne xt = (2ab)2 + (a?—b2)2, 
a = a? (a? + D?) + D (a? + be). 
Ex: 25 32442, 625 — 4.9.16 + (42— 32), 
625 = 9:25 + 16-25. 

Si deux nombres sont des sommes de 2 carrés leur produit est une 
somme de 2 carrés de deux manières différentes. 

si x=a 4h et y=e +8, 
ona ay = ae? + ad? + bic? + ba. 

Mais actad = he:hd donc ac.bd = ad.be (Euclide VIT, 19). Par suite 
on peut écrire: 

æy = |ac— bd|? + (ad + be)? et 
ay = (ac + bd)? + | ad — be 
Ex: 513 = (12 4 22) (22 4 32). 
LEE LA 
—8+41?, 

Si deux nombres se décomposent en une somme de deux carrés, 
l'un de deux manières différentes, l’autre d'une seule manière, leur 
produit se décompose de quatre manières en somme de 2 carrés. 

Ona x=a+b—at4bt, y = 0e + de 
ae + bre + ad + Bd 
ay = a°%62 + D + ad? + bad 

Les produits de c et d par les termes a, b; a’, b’ sont huit nombres 

dont le rapport (deux à deux) est celui de e à d. 


(ac: ad — bc: bd donne 


[ue [6e [ad | bd] ae | ve[aafoa) (ef SE) 


Teste 
32 


Texte 


Texte 
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æ telquea' + a = prendre x = à 4h. 


5b? , 3h 25b2 + 24b7- 
[En effet, ( a) LT = |: 


Ex.: a=124, _ =16=4, x =4+ 


La méthode la plus simple pour trouver un (x) tel que x? + a=[] 
D 
est de choisir un nombre arbitraire 2 et de poser x =, a =. 


Alors x? + a = [. 

Ex: 1=8, x=10, at. E =96. Onabien 102+ 96 = [. 
On recherche en algèbre (sina“at al-jabr) x tel que x2+ 20 = [J, 

équation impossible pour x entier, (Pour x fractionnaire) on considère 


le produit 20-36 — 720. Il est facile de trouver un carré d'entier u tel 
gs u2+ 720 — 0, u = 41, 412+ 720 — CO. Par division par 36, 


Gy+-0 


Cependant cette méthode est une méthode d'essais qui peut donner 
ou ne pas donner de résultat. 


La méthode régulière (sina*i — artisanal) pour caleuler x tel que 
Ô 
23 4 a = [j où a est donné, est de trouver un u tel que (u?)? + (G) =D. 


Soit (u3)2 + (2) = 02, d'où ur + (LE) = y. 


b RE RS 
Ona x. En effet, tazw+() £a=(uts 


{Les explications sont données sur = +20 = D). 


1681 81 207 
Le Cons AU AE D) +(G) =. 
Alors æ= 4, 5 = Plou6y pete... 


Note préparatoire 
Diophante a montré que: 


1, Tout carré, où toute somme de deux carrés, peuvent se décomposer en somme de deux 
carrés de rationnels, d'une ufinité de manières (LL, 8 et 9). 
2, Si deux entiers sont chacun la somme de deux carrés leur produit est la somme de deux 
carrés de deux manières (lemme III, 19). 
Se plaçant ici dans l'optique de la théorie des nombres Abü Ja‘far envisage danx l'ensem- 
ble des entiers naturels une série de jolies propositions (texte 35-41) dont certaines lui appar- 
tiennent probablement. 
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26 


Texte 
27 


Texte 
29 
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= 
De 25 4 24 = [nous tirons (4) + 6 = C: Comme 54:24 = 


CI. (En effet, s = 21g + q d’où s + 8 — (64: q)) 


24g + g° alors la recherche de x*tel que x* + a=[] 


— carré 


æ,nous pouvons considé- 


: Nous aurons (2V + À 82 0, (V4 Le 0 


nous aurons 25 + ii 4$%=0 ou(5) + #=0. 

Prenons a=—720, 720: 2= 360= 40-9, avec a+ 9% 41%, Donc avec 
Ait & 720 — D, d'où par division par 9, (M) 4 80 = CJ. D'autre 
part 40:720 = 1:18 qui n'est pas un rapport de carrés, donc on ne 
peut, par cette voie, trouver x rationnel tel que x? + 40 — [J. 

Autrement. Si a — 40 il n'existe pas s et t (entiers) tels que st—20 
et sit — []. Pour savoir si s* + # est un carré quand on 4 st = « 
(s<t) on divise s° par 21, Si le reste de la division égale le carré du quo- 
tient alors 8° ++ 12 — 

Exemple: a — 12 8-15, 360 = 9-40ete..., 

Si on n’a pas s 
devient difficile ou impossible, 

Il existe d’autres méthodes qui se ramènent toutes à la règle du 
nombre 25. [(3° + (22) — 5? soit la forme x° + (y*)° — :*)]. Par exem- 
ple, si nous trouvons (x, y, ) tel que x* +- (y?) — 2? nous prenons le ra- 

ñ # CAS AE at + (Y)9E 2x 
Mlonnel == . Alors () + 2x = NE F 
de rationnel. 
Ext #4 (2 5 donne Gÿ+ 2:3= 0. 
3 
Ex: 1224 (3) — 15% donne es +2.2=0 

Pour trouver (x, y, x) tel que x? + (y! 

rer ti et L # et poser x? = (# — + 8) (= 4e, + # 

1 

(ex L 
#4 

25648 

ET = 

Ex: #16, #12, (y) = 256, 1 = 400 — 20%, 

24, S+2A= 0. 
Si l'on a un entier a tel que + 


3 


a — b*, carré d'entier, pour trouver 


Texte 
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Le problème est impossible si a ne décompose pas en facteurs s 
et 1 conjugués. 


Observation: Comme il a été dit, ce problème tient une place importante dans les recherches 
du 4ème siècle H. : I apparait en particulier dans les mémoires M2 et anonyme évoqués dans 
l'introduction. Dans les toutes premières unnées du Sème siècle, al-Karaji par une méthode 
qui n'exclut pas le tâtonnement résout 42 + 5 = CJ. La même question ou des questions 
analogues se retrouvent dans les siècles postérieurs. Ibn al-Hä‘üm reproduit, en les séparant, 
Les équations x24-5 = Ch a2—5 = ©) (Al-Mauna, écrit on 791 b., Ms Berlin 5984, pp. 290, 
291) questious que l'on trouve antérieurement daus al-Fokhri d'al-Karajt (Ms Le Caire V, 212, 
2.36%, 1.13: £. S9b, 1. 2), Jbn al-Khawäro dans al Fawd'id al-bahd'iyya (675 H.) cite «224 10= C1 
parmi les 33 questions impossibles, ‘non, dit-il, que je prétende établir leur impossibilité, mais 
je déclare mon inenpacité à les résoudre" (Ms. British Mus., Or 5615, f. 44"). En Europe, la 


question #2 + 5 = [] est étudiée vers 1220 C. par Leonard de Pise, dans Flos, lequel aboutit 
1681 1 
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par au chemin différent à la même réponse qu' 


1,1 41 
RAR STATE SR * 


3 
FR 


L'intérêt de x2 + a = C1, comme l'a déjà relevé Woepcke, est qu'ilest lié à des questions 
difficiles et fondamentales de l'analyse indéterminée qoi ont été traitées par Fermat, Euler, 
Lagrange et Legendre { Ati dell' Aceademia Pont. N. Lincei, Recherches sux plusieurs ouvrages 
de Leonard de Pise", p. 252). On trouvera une ample documentation et des résultats intéres- 
sants sur la question dans: L. E. Dickson, History af the Theory of Numbers (New York, 1952), 
vol. 2, pp. 459-472, Relevons quelques énoncés : Genoechi a démontré en 1AB£ (ee qu'il avait 
énoncé en 1874) que +2 + a ne peuvent être tous deux des carrés de rationnels:si a est premier 
de la forme 8k4-3 ou le produit de deux norabres premiers de cette forme: si a est le double 
d'un nombre premäer de la forme 8k 45 ou le double du produit de deux nombres premiers 
de cette forme, (Diekson, op. eit., pp. 470, 467). Collins prouva en 1858 que pour a < 20, 5,6, 
7, 13, 14, 15 sont les seules valeurs de a pour lesquelles le système a des solutions { Dickson, 
op. cit., p. 465). Destournelles prouva en 1881 l'impossibilité en nombres entiers du système 
xl+yi=st, 422 02 {Dickson, op. cit., p.467). 


Dans les mémoires M2 et anonyme déjà cités le problème était résolu au moyen de tables 
numériques et donnait lieu d'ailleurs à des remarques intéressantes, Utilisant les formules 
Sa = 8212, y = 2st, pour former les triangles rectangles numériques 22 = +2 + y2 
ou a 82 E Day = xt 4 ya 2y = (x Æ yy2. D'où les différentes valeurs possibles pour a 
et pour s telles que 22 + a = [J (1). Ici l'auteur s'engage dans une autre voie et il recherche 
une condition nécessaire que doit remplir a pour que (1) soit possible: savoir a doit être de la 
forme 4m (2n ++ 1) d’une part, d'autre part sa moitié doit être le produit de deux factures dont 
la somme des carrés est un carré, Ce qui constitue un critère commode pour les nombres reln- 
tivement petits. 


Si a est divisible par un curré m', alors #* + a — [] donne 
es) +4 = D, égalité de la forme xt + à = [] où x est rationnel. 


Ex: 289 + 240 — [(] donne Gy+ 60 = Li]. De même É 1520 


ou GD+ 15= 0. 
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Proposition: Si un nombre pair est la somme de deux carrés à = b+d', 
sa moitié est une somme de deux carrés, et la moitié de sa moitié aussi, 
et ainsi de suite tant que la moitié obtenue est un nombre pair. 


Gr ne D pe sp 


Ci 2 
Observation: L'auteur se reud bien compte que l'égalité est valable même pour des nombres 


fractionuaires. Les élégantes propositions 20,21 vont trouver leur application immédiate dans 
le problème suivant. 


Problème: a est un entier donné. Trouver x tel que x? + à = C3. (1) 


Supposons, par analyse, l'existence de x, y, x tels que x°-a — 2° (2), 
a%—a = y* (3). Evidemment y<x<z. Je dis que 42 est une somme de 
deux carrés, ear par addition 24 — ÿ#4-2%, (4) donc x? est une somme de 
deux carrés (proposition précédente) (x et y ont même parité d’après 


(2) et(3)) et a = re (5) 
Par soustraction de (2) et (3) on a : 
La = 8 — y .Etr (6) 


Il en résulte que a doit être pair. Sa moitié - est le produit de deux 


2 
+ EST 


facteurs À qui ne peuvent être tous deux impairs ni tous 


deux de la Fe mn sans quoi (5) ne serait pas satisfait (lemmes 1 et 2), 
ZE « es sont ou pairs tous deux ou l'un pair et l'autre impair. 
Dans tous je cas a est de la forme a — 4m (2n + 1). Si cette condition n'est 
pas réalisée le problème est impossible. 


Problème (suite) : On donne a de lu forme 4m (2n+1). Calculer x tel que 
#+a=0. 

Nous prenons les diviseurs set 1 de 5 tels que 5 — st, si = C] 
s'il y en a. 


Les nombres s et # sont alors dit conjugués (qarinän) x = s+0 
car S+P+2t—0, 


Le plus petit nombre & qui réponde à la question est a = 24, 
+ 43, #44 = ©. Puis parmi les multiples de 24 vient 240, 
120 = 8-15, 84157 = 17, = 17, 172 4 240 = © 
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(Cependant le mauvais choix de l'exemple numérique rend la règle 
difficile à saisir dans le texte). 


Autre triplat (x, y, t). (C'est la première méthode particularisée) 


Érsg +4 DE = (a+ si 
aa : 
ou ÉTY + (9 = ÉTY Prendre at = 16 
dème méthode; 
Texte Prenons p = st+# et a un entier tel que a : s* — 1? égale un 


17 rapport de 2 carrés. a(s*—{?) est done un carré [inclus dans la démons- 
tration d'Euclide IX, 2; ou réciproque de VIII, 26 ajoutée par Héran 
et rapportée par al-Naïrisi (voir Heath, The Thirteen Books, vol. 2, p. 
383)]. 
Donc (ap}* = (as® + at)? — (as — at*)* + d-astar, 
On posera y® = as — aff x — 2ast et 3 — as° + at, 
L'exemple cité par l’auteur est 5 — 2? + 13, 12: 28 14 — 24:78 
(Là encore de mauvais choix de l'exemple numérique rend la règle dif- 
ficile à dégager). 
Texte Prenons deux carrés a* et b° tels que b* soit divisible par 4 et ah? 
W  bicarré, Ex.: 9 et 144 = (6°), 
rl 


SN 


+ dat — (ar à ES. 


Teste Autrement: Soient a et b deux nombres tels que ab soit un bicarré, 
19 Ex:8 et 32, 32:8 — (16)°. Posons 


(2 + 32° = (82— 2) + 42:32, 
Cependant, dit l’auteur, cette méthode ne présente pas la régularité 
de celle décrite précédemment, (Peut-être entend-il que le choix de a 
et b n’obéit pas à une loi simple comme c'est le cas quand on opère sur 
des carrés a* et b*) (texte 18). 


Texte Proposition: Si un nombre a est une somme de deux carrés à — b*+c*, 
20 son double est une somme de deux carrés. 


Car 2a 2 (#46) = (b—c)t+ (b+ ec), 


Par suite 24, 2a, .… se divisent en somme de deux carrés. 
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Six et y ont pour ped. d, par division par d2 l'équation (1) sera amenée à in 
forme #02 4 y'2= (02/22, où € sera pris suns Facteur carré. 


Posant es°2 = Z nous aurons 22 + y'2= 22 d'où Z = M2 + N2 comme plus haut. M2 + Ni 
— ex°2 dépasse tout à fait les moyens de l'époque. Elle admet des solutions s'il existe un entier 
A tel que « divise 424 L. Il en resulte alors que € est une somme de deux carrés. € = f? 4 #2, 


Cup) | + N= pig —depg + cg | + = | pè—2xpa + ea? | 


p.405 fin; 
[A 


Voir Dickson, op. Legendre, Théorie des Nombres (Paris, réimp. 1955), Tome 


ep 47 fin, Tome IL, p 


L'auteur appelle (a?—67)2 et de202 respectivement: petit et grand nombre (ob). En 
Huit on peut avoir (a2—#2)2 > 4052 où ab? > 2ab, a2—%a—h>0, (ob 
A > 0, (a—b+bVT )(a —b—by 8) >0, et comme à > b ilreste à>b+b V2 et 
a>bA+ y 
Résolution de l'équation: a? + (y)? = 2 (2) 


Observation préliminaire: L'égalité (ab)? = (a—b)2+4ab (3) montre que si on prend 
1 à un carré l'équation (2) sera satisfaite. De même, si l'on part de a? +- k2 = 
ant les deux membres par a2 ou #2 on satisfait à l'équation (2). Les diverses 
méthodes de l'auteur se ramënent à des transformations de ce gen 
La solution générale de l'équation (2) s'obtient ea posant y2= Y_ et appelle les mêmes 
remarques que 42 + y = 32, Cependant l'auteur dans les paragraphes 13-19 est sous l'inflaeuce 
de Diophante: au lieu de rechercher une solution générale dont il était capable, il multiplie 
les artifices en vue de recueillir un grand uombre de solutions particulières, La questions sur 
laquelle convergent tous ses efforts est la résolution eu nombres entiers et en nombres rationnels 
(rapports d'entiers) du système 42 + u — [] où a est un nombre donné, question qui tient 
une grande place dans les recherches du dème siècle H. 


lère méthode pour résoudre x? + (y*) 


Q 


Texte Prendre x? 
4 
bi 


a 


Det (y) = dune La On aura alors 


A sh 
2 date À (É 4 a), On peut choisir a 


aurait le plus petit triplet (x, y, z) vérifiant (2) (d—1)"+4414— (441), 


1, 6216 et on 


2ème méthode: 
Texte L'égalité 4ab+(a—b}" = (a+b)® montre que l'on peut choisir 
1 aet b tels que: 

1)'a=hst Dh alors dab = (2kst}t, 

2) a—b= 

12 et 3 sont des exemples de tels nombres a et h: 

12—3=3 12-32 3—3 
d'où 43412 + (12—8)* = (344 + 3-1). 


Texte 
u 


LE) 


Texte 
1 
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Recherche de 2, 3, & … nombres dont la somme des carrés est un carré. 


Nous pouvons trouver 2, 3, 4... nombres dont la somme des carrés 
est un carré, 


Cas de deux nombres, Prenons a* et b* quelconques, ab et 


sa SR 
CZ") ont pour somme (#-XÈ) : Démonstration parles segments. 


Cette égalité vaut pour des nombres fractionnaires, Mais dans ce dernier 
cas, nous ne dirons pas carré, mais mal, à la manière des algébristes. 
Cas de trois nombres, Prenons a > b* + &. Nous avons 
ho ES SA LOU 
as-+ates 4 (Ÿ Fe -( +fre 


Démonstration par les segments. Par ce procédé nous pouvons 
obtenir un grand nombre de triplets de carrés dont la somme est un 
carré. 


Obrervation: Le procédé est généralisable et l'auteur s'en rend compte. 11 n'explicite pas 
cependant l'égalité suivante, Si a2> 2 + 624... k2+ 12, alors: 


== 


—e— 


0262 + a2e2 +... + a + (= 


mrm+e 
L z 


Hey 


Trouver un triplet (x, y, x) tel que a%4-y* = (2)% (1) Prendre 

un triplet (a b,c) tel que ab — &, Poser # — (a—#);, 
A — Aaë bé, d'où #13? — (a? +?) — (et), z = ec. 

Observation: La solution donnée par al-Kbäzia est partielle biea qu'ingéuieuse, Nous pen: 
sons que l'auteur avait les moyens de résoudre 

24e (af ü) 

pour 2 premiers entre eus. 

Posons 52 = Z d'où 


B+y= 21 €) 

Comme x et y sont premiers entre eux, done premiers avec Z, alors: 
æ= MIN, y=2MN, Z= M4 N2 

(A ot IV premiers entre eux et de parités différentes). 

Par suite: 23 = M2 4 N2 a pour solution 

M=min  ,  N=mn 

entre eux et de parités différentes). 


ma + n2 


(m ot n premni 
Done œ= (mènè)è—(2mn)? à y = dran (min), 22 m2 4 n2. 
D'ailleurs, quels que soient m et n, ces valeurs verifent (1) car 

Léman)? — (2mn)2P + [émn(me— n2)f = (m2 r2)8 
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L'égalité (1) donne: 


2 = (ue + bd)2 + (ad be)? @) 
2 (ae— bd)? + (ad + br)? 6) 
déjà rappelérs et immédiates. 


On obtient de la même manière: 
22 = (fae+ bd) (ae—bd) + (ud—e) (ad + be)}e 
+ Loc + bd) (ad + be) — (ad — be) (ae —bd)}? 


Doue 

= (ae Wed? + aûd — bte?) 

4 (a%ed + abeè + abd2 + bed — u3ed + abd2 + abe2 — bed)? 
Puis a [fu ba) (e2 + d2)}e+ [aa (e + d2)P 
Ainsi on a bien obtenu la solution dérivée 

(h)(ot2) à (e+d)(Tab) à (éd?) (02 + b) 

proportionelle à: 
em, ab m+R , (ab 


De même on verrait que 
2 = [(ac+bd)(ad+be) + (ad-—be)(ae—bd ÿ} + [la2—hd2) — (nd2We)P 
äboutit à = [fat-+b2) (2ed)]2+(a2+b2) (é—d2)Te 
solation proportionelle à 
ed , dd ; +8 ; (e>d). 
Si x,y sont pairs, on a vu que x = 2:'4-x, ='4-x nombre composé, 


2° résidu (fadla), a'+x = #4,» 


D APS EE 1 
VERRE = y st (y ah 
murabba* al-akthar, x,y: al-murabba*ayn al-aurvalayn) (texte 10, 1.4). 
D'où la conséquence que l’auteur énonce en général: quand un carré 
d'entier 3° se décompose en une somme de deux carrés, sa racine z se 
décompose en une somme de deux carrés s* et * qui sont premiers 
entre eux ou admettent un diviseur commun ou bien : se décompos 
en deux nombres plans semblables (a:b et c:d sont plans semblables si 
a:b = c:d, Euclide VI, déf. 21). 

Observarion: x = 28, yet > 


Si « et y sont premiers entre eux alors #À et À sont premiers entre eux [ei #2 et 12 ne sont pai 

premiers entre eux, s et # ont un diviseur commun d (conséquence d'Euclide VII, 27) et d 
diviserait x et y]. Plus généralement on peut avoir 

5 8 = AE pe 3 = ea 

on ©) a = Ki Ke y=2Kst 


avec K non carré dans 2). Dans ce dernier cas, Æs2 et K12 sont plans ensembles car ks.s et kit 
ont leurs côtés proportionuels Ka: = Kt:t. 
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Cette égalité devient 52572 4 (4/3 2 18472 — dust = O où (ss)? (ist dat )2, 


En posant se! > 17, #8!" = 1! + off qui donne s/{s—t) (a+), = 

Ainsi pour 5 = 4, 1= 3, na #70 = 1 

D'où #8 =1 = 
CORTEX TETE T7 


On peut, par exemple, prendre # et # couséentifs. 


Taxe Sion prend st — 4 et 4 = 121 lesquels sont premiers entre eux 2 
9 44121 = 125 est un multiple de 5, sans que x = 121 — 4 — 117 ni 

y = 22:11 = d4 ne soient équimultiples de 4 et 3, Comment expliquer 
la chose? [savoir que dans les triplets (x, y, z), (x', y’, 2!) solutions, 
3 soit multiple de 2°, sans que x et y soieut des équimultiples de x' et y']. 
Cela tient au fait que 195 est le produit de deux facteurs (5:25) qui se 
décomposent chacun en une somme de deux carrés 5 = 144 et 25 — 
9+16. Tout nombre produit de deux facteurs qui sont chacun la somme 
de deux carrés se décompose en une somme de deux carrés, de deux 
manières, comme nous le verrons plus loin. 125 — 1004-25 — 44121. 
D'où deux couples {s, 1) différents pour un même z 125 — 10252 
112422, Quand x se décompose ainsi une des solutions (x, y. z) n'est 
pas primitive. Cela est comme le triangle primitif (3, 4, 5) qui donne 
naissance au triangle (dérivé) de côtés doubles (6, 8, 10). 

Observatian: Le couple (4,121) a fourni à l'auteur le triangle 1172 ++ 442 = 1252 qui s'assoe 
cie dans sa pensée avec (25-3)2 + (25-4) (25-5P. AI-Khäzin a l'air de se demander comment 
1252 s’est décomposé ainsi de deux manières différentes, et pourquoi la solution (75, 100, 125) 
n'est pas primitive? Cela tient, dit il, au fait que si deux nombres sont la somme de deux carrés, 
leur produit est une somme de deux carrés de deux manières. 

u=al+b v=d+d 
donne ur (ac + bd)? + (ad — be)? 
uv = (ad+ be)? + (ae— bd)? (Texte 38) 

Il montrera dans le texte 41 que si un nombre est une somme de deux carrés de deux ma 
nières, son carré est une somme de deux carrés de quatre manières (dont certains peuvent se con 
fondre, c'est le cas pour 1252). 

1252 = 1202 + 352 
1252 = 1002 + 752 
1252 se 1172 + 442 

L'idée d'ul-Khärin est difficile à e. 11 semble partagé entré deux préoeeupati 
Partage d'un carré en somme de deux carrés de plusieurs manières, problème repris plus tard 
d'une façon si magistrale par Fermat [voir T. L, Heath, Diophantus of Alexandria (Cambridge 
Univ. Press, 185; Dover repr.), pp. 106-110, 267-276] et la formation de triangles dérivés c 
à-d., de lu forme hx, hy, hs. 

Montrons, en nous aidant des égalités employées par al-Khäzin, que si 

= (ut +2) (24 d2) [0] 
, il y en a néceésairement qui sont dérivées. 


alors, pari les solutions de x + y? = 
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Le système d'alKhäzin est = pt 
Ho) y= us 
= an 
ux, l'un pair l'autre impair. 11 y a équivalence entre les deux sys. 
en égalant les valeurs de y puis celle de #3 
PQ dut, pa g2= 22 + 2, 
D'où pi (at) et ps 
Qu (s—)t et gs 


où # et & sont premiers enr 
tèmes, Ou voit en particul 


Qua bien += pq = #20 


Conclusion: Appelons triangle primitif (asl) on solution primitive une solution (x, y, «) 
de uombres premiers entre eux. Celle-ci sera fournie par le couple (5,4) où à et 4 sont premiers 
entre eux et de parités différentes, L'idée sera reprise dans le paragraphe 8. Dans le paragraphe 
6, al-Khäin relève cependent que le système Il, où s et £ peuvent être quelconques, est tou. 
jours solution de #2 + y2 = 22, 

Pour #=2 et #3, x—3 225, y=232=12, et 
3= 3 4 2 = 13. Le couple (5,12) est primitif (ay). Il engendre des 
couples de nombres proportionnel dont la somme des carrés est un 
carré [e-à-d. (5k)* + (12 4) = (13 }] De même (1,5) — (1°4*) don- 
ne (xy) = (15,8), 15°+ 8° — 17. 


Ainsi pour former (xt, y, 2?) on prendra (#, s*) les plus petits 
carrés dans un certain rappori, ils sont donc premiers entre eux comme 
(1,4), (4, 9), (1, 16) et on opérera comme plus haut, On n'obtiendra pas 
deux fois le même couple (4°, ÿ*) ni deux couples proportionnels (l'ex- 
pression arabe est vague: “ala yaratihima, à leur image). 


Observation: En effet consydérons deux couples générateurs (st), {a', #1). Il est facile de 


a s 2e a+e s 
voir que si deux des trois rapports 2773 ? Zip gra 7 ? fout égaux alors à = 7 


Comme (#44) ot (s',1!) sont des couples formés de deux nombres premiers entre eux alors 
ER ET 

#0 se 
Ainsi dans Je cas FE = 26 


CETTE ErTT] 

n CPTOSCITTEENT ENT ET 

ons ETTECUENTT ETES 

fans) [at vit) = 0 

d'où DETRS = % 
Les antres cas sont immédiats, 


Cependant deux couples (st), (4/4) différents peuvent produire deux triplets (4,34) 
» y rer 2st 


x = x 
atyle at) ls que ST = Se EU auf que = ou 5 ET 


Texte 
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Comme 12 et 3, 12:3 — 2 : 14 d'où 12:3 et 12:34 sont des carrés; de 
même 8 et 2. Prenons s'-+x et x’ les plus petits possibles [donc premiers 


entre eux]. Nécessairement 2'+x et 2’ sont des carrés. [Euclide, 
VII, 9]. 


Posons z2'4x = st et 2° — 1. Dès lors z = s°+#, y = 2, 
x = 8, 

La règle qui donne (x, y, x) à partir de (st) est générale, [e-à-d, 
même si aucune condition n’est posée pour 4,t les valeurs s° — 1°, 2st, 
st + P vérifient at + y = 2]. 

Pours— 2, 1—1, (x,y,2) = (3,4,5). 
Pours = 3,t— 1, (x,y,5) — (8,6, 10). 

Remarquons que (8, 6, 10) sont doubles de (3, 4, 5). Plus générale. 
ment, si x = 4k, ÿ = 3k, alors z = 5h. 

Observation: Al-Khäzin utilise un langage visiblement influencé par Euclide quand il parle 
de 47 impair et y pair les plus petits possibles (texte 5, 1.2) (Euclide VIT, 22; VIII, 2, 3, 4; IX, 


15]. On trouve également chez Diophunte: Etablissons done maintenant deux triangles rec- 
tangles compris sous les moindres nomibres, tels que 3, 4. 5 et 5, 12, 13 (Arithmétique, trad. 
Paul Ver Eecke Paris, 1959, livre LUI, 19, p. 109). Pour que l'expression d'al-Khärin fût tout 
à fait claire, il eut fallu dire: les plus petits possibles daus leur rapport. Nous pensons que c'est 
la pensée d'al-Khäsin, car si on devait prendre à la lettre l'expression lex plus petits passibles 
l'équation +242 = 22 n'aurait q'une solution (3, 4, 5) alors que l'auteur en doune plusieurs 
dans le paragraphe mème. La même expression utilisée plus loin à propos de </+x et 2’ dans 
{e/ x)" ne présente plus le même inconvénient puisque le rapport de #/44 et 3° est formé. 
L'expression correcte des deux plus petits nombres dans leur rapport est utilisée au début du 
texte E. Pour la rigueur du raisonnement il nous resterait à établir que si x et y sont premiers 
entre eux (done x et x le sont nussi) il en est de même de +/+x et 3/,et réciproquement: ce 
qui ne présente aucune diffcolté. 


Le texte ne précise pas que # et 1 doivent être de parités différentes (si # et # étaient de 
même parité « = #22 et x — 52-12 seraient pairs tous deux ce qui est contraire au texte). 


Eudlide a montré que Ça = mnpy 
1 

Nam inst = 2) 

2} (map + mg) 


est solution de s2 + y2 = #2 (Eléments X, 29, lemme 1). Cependant Euclide ne déune que la syn- 
thèse et par 1à il manque d'établir que la solution proposée est générale. Pour cette raisou, Ba 
chet en donne l'analyse dans son édition de Diophante (16211 C'est juatement ce qu'al-Kh 
a fait ici. 

Nous pouvons nous en tenir aux valeurs de (x, y, 2) premières entre elles dans leur ensemne 


1 1 
ble. Le système d'Euclide devient « = pg, y= g (Pè— ghz = (Pékg), où pet q 
sant premiers entre eux et impairs. 


1. Jean Ttard, Les livres arithmitiques d'Euclide, (Paris 1961), p. 163. 
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Construction en entiers de x? + y? = 2? 


Propositions préliminaires 

Lemme 1. Deux carrés impairs ne peuvent avoir pour somme un carré. 

Supposons que x* + y° = #*, x et y étant impairs. Donc + est pair 
(Euclide, IX, 22). De plus 

= (29) (a+) = (et + 27e). 

Mais B—(e—5)] + (er) + (2 = 
Ils’'ensuit que [x—(:—y)] [x+ (2—y)] = 2y7(2—). 
Les erochets sont pairs tous deux. Dans le 2ème membre y et 5—y sont 
impairs, Donc l'égalité est impossible. 
Lemime 2. Deux carrés de la forme 2° ne peuvent avoir pour somme un carré. 


nil 


existe s tel que + = + (EuclideIX, 11; voir observation de T. L. Heath, 


z 
s 
The Thirteen Books, vol. 2, p. 396]. D° ad = F5 = 2 


Or (2}+1 nest pas un carré, car en ajoutant 1 à un carré on 
n'obtient pas un carré. Par suite 4 + y? ne peut être un carré [ai a% + y* 
était un carré, alors (2)* +1 serait un carré d'après Euclide VII, 24]. 


Lemme 8. (2m-+2n+1) = (2n+1)+4m{2n+1+m), [Euclide I,8] 
Cm+2n)t = (2m)"+4(2m+n)n 


Observation: Les démonstrations dans les lemimes 1, 2, sont faites sur des segments comme 
dans les Eléments d'Euclide. 


Six — 2 et y — 21 (avec p<g) on ne peut avoir x 4y* 


mr 


Formation de x + ÿ* = 2 


Nous voulons trouver deux nombres carrés l'un impair x? l'autre 
pair y* [premiers entre eux] (dans le texte: les plus petits possibles) 
tels que x%4y® = :*, Supposons par l'analyse qu'ils existent. (Posons 
#4 = 2#). Appelons ='4x: nombre composé (‘adad murakkab) 
ét x: résidu (fadla). Alors 5 = (2'4x)+2 et a44{sta)s" = à 
[lemme 3]. Mais # — x4y9 d’où 4(:+ax)# — y Il en résulte 
que (a'+x)a" est un carré, car le rapport de 4(x'4x)s" à (2'+x): 
est le rapport d’un carré à un carré et 4(2/+x)3/ est un carré, done 


(a-x)a' est un carré (Euclide, VIII, 24). Par suite 2% ot on 


rapport de deux carrés (Euclide IX, 2, puis VIII, 26) et z'+x et 3’ sont 
des équimultiples des plus petits carrés qui ent le même rapport qu'eux. 
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est conGrmé par l'histoire. Un autre traité sur les triangles rectangles du 
mathématicien Abü'l-Jüd, 2° moitié du 4e siècle, H., vient d'ailleurs étayer 
toutes les vues précédentes." Signalons également sur le même sujet un traité 
d'al-Sijzï (2e moitié du 4e s. H.): Kisala fi jawäb mas’ala “adadiyya wa hiya 
kaifa najid (murabba‘yn yakün)  majmüuhuma murabbata (12 pages, Bibl. 
Hakim M. Nabi Khäân Jamäl Suwayda, Téhéran). Nous devons à la courtoi- 
sie du Dr. Anton M. Heinen d'en avoir pris connaissance, 


14, Woepeke, op. eit., pe 317. 
15. Leiden Cod. Or. 168 (14), f. 116-134a, 


Sommaire du traité d'Abu Ja‘far tal-Khazin, 
Paris BN MS arabe 2457,49, ff. 204a-2150. 


Ce sommaire n'est pas à proprement parler une traduction, cependant 
nous croyons qu'il ne laisse rien échapper du texte. Les passages importants 
ou difficiles y ont reçu des développements plus grands, D'autre part, les 
démonstrations d’al-Khäzin bien qu'exposées sur des exemples numériques 
sont générales et entendues par l'auteur comme telles: nous n’exagérons 
donc pas leur portée en représentant les nombres par des lettres, ce qui a 
l'avantage de rendre les démonstrations plus claires. Des observations impri- 
mées en petits caractères et précédées de la mention observations accompa- 
gnent certaines questions et sont étrangères au texte; de même en est-il des 
expressions placées entre crochets dans le texte même. Dans un souci de 
meilleure présentation et pour faciliter le travail de référence nous avons 
sectionné le mémoire en paragraphes. 


Remarques 

L. Nous avons mis en italique dans le texte certains mots ou phrases clés. 
Le nombre au dessous du mot texte désigne le numéro du paragraphe. 

2, Nous employons le signe C] pour désigner un carré d'entier (ou parfois 
de rationnel: rapport d'entiers). 

3. Les nombres dont il est question sauf mention expresse du contraire — 
sont des entiers naturels. 

4. Certaines phrases insérées entre crochets n'appartiennent pas au texte 
et sont ajoutées en annotations. 
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ques mémoires qui nous sont restés sur x? + y? = 22 nous font revivre les 
efforts conjugués, les erreurs commises, les insuffisances et les corrections 
successives, Nul doute qu'à cet effort collectif d’édification bien des mathéma- 
ticiens célèbres ou obscurs n'aient participé dans les divers centres scienti. 
fiques: Baghdad, Chira, Rayy, Marw, Balkh, et autres. 

La préface de M3 presente un détail historique qmi confirme cette persis- 
tance dans l'effort. Motivant l’envoi de son mémoire, Abü Ja°far écrit: Frère 
je L'avais adressé un mémoire sur la construction des triangles rectangles, 
J'y avais énoncé, sans démonstration par les segments, que deux nombres dont 
la somme des carrés est un carré ne pouvaient être impairs (on aura remar- 
qué la ténuité du résultat), Or cette proposition est absente du mémoire M2 
et il est difficile de lui trouver là une place naturelle dans l’enchaînement du 
raisonnement. I] faut donc admettre qu'Ab5 Ja‘far fait allusion à un 3e mémoi- 
re qu'il avait adressé également à “Abdallah b. “Ali. La chose n’a rien qui 
nous surprenne. Îl est tout normal qu'Abñ Ja‘far, et les autres chercheurs 
creusant la question, aient rédigé au fur et à mesure bon nombre de notes 
brèves sur ce sujet alors à l'ordre du jour. 

Nous possédons d'ailleurs sur les triangles rectangles numériques un frag- 
ment de traité anonyme, Paris MS 2457, ff. 8la-86a, dont la qualité montre 
un progrès sensible sur le mémeire M2 d’Abü Ja‘far, Les deux traités M2 
et anonyme, ne manquent pas d'ailleurs de points de ressemblance, ce qui 
avait fait dire à F. Woepcke, à une époque où les conditions de l’activité 
scientifique arabe étaient moins claires: “On ne pourra méconnaître l'uni- 
formité que présente en général la marche suivie dans l'exposé de la théorie 
des triangles rectangles numériques, tant par l'auteur du fragment anonyme 
que par Abou Dja’far M. b. al-Hoçaïn, uniformité qui pouvait indiquer une 
certaine tradition d'école, un certain cadre commun qu'il était d'usage de 
remplir, en enrichissant d'ailleurs le sujet d'autant d'observations et de décou- 
vertes originales que possible. F. Woepeke en venuit à supposer qu'il existait 
des rapports plus ou moins suivis entre les mathématiciens d'Orient, ce qui 


12. De cette multiplicité d'efforts, bien naturelle d’ailleurs, nous donne une idée le bref chapitre 
des triangles rectangles numériques (a2= 8? + e2),(3), qu'al-Samaw'al jusère dans son livre al-Bahir 
cité en note 1; al-Samaw'al y est représenté par 2{o—c){a—b) = [a — (a—c) — (ab) ]? coné 
quence de(3); AL-Sijaï par l'égalité bien connue et très ancienne 024. 2he sont des carrés ;Tbn al-Haytharn 
par la construction d'un triangle rectangle dont un côté de l'angle droit est eannu (at: Bähir, op. cit 
pp. 146-151). Dans un chapitre voisin, al-Samaw'al cite ua nom obeur: Ja®fr b, “Abdallñh al-Hariri 
Gp: 155, 159, 117) auteur de l'identité b{a+b-+e) + ae = (a+b){b+e). D'autre part on doit à Ibn 
Yünus une note sur la proposition: “Deux carrés impairs n'ont pas pour somme un earré'”, Berlin 
6008, 1. 437n-838b. 

13. F. Woepeke a traduit et analysé remarquablement les traités, Paris MS 2457, E. Bla-B6a anony- 
me, et celui d'Abü Ja‘far, Paris MS 2457, ff, 86b-92a, Recherches sur plusieurs ouvrages de Leonard 
de Pise," Ati doll'Accademia Pontificia du Nuovi Lines, 14 (1861), pp. 211-227, 241-269 (pou le 
traité anonyme); pp. 401-324, 343-356 (pour le 2 traité), cf, p. 817, 
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personnage qui a joué le rôle important d'intermédiaire et d'arbitre entre 
les savants de son temps et à qui sont adressés d'ailleurs les deux mémoires 
M2 et M3, Cette discussion est intéressante car elle nous révèle l'existence 
d'une correspondance scientifique entre les mathématiciens - ce dont nous 
avons par ailleurs de nombreux témoignagesit — ainsi que les tentatives 
répétées entreprises par les Arabes, tôt dans la première moitié du 4€ siècle 
H, pour résoudre xt + y? = 2 (1) ou la difficile +3 4- y? = 1 (2). Les quel. 


1. La correspondance joue un rôle important dans la vie scientifique de l'époque: elle supplée 
les déficiences de l'édition et épargne aux consultants des voyages longe et pleins de risques, en même 
temps qu'elle assure aux cousultés une plus grande notoriété et aussi des sujets de recherche, Bien 
des écrit ont vu le jour sur une sollicitation amicale, Dans l'Orient d'hier et de jadis où le temps n'avait 
pas valeur de monnaie ces demandes ne semblaient pas déplacées. Citons les 15 lettres adrescées par 
Abü Nosr b. Iräq à son élève al-Birani pour lever certaines de ses difhcultés mathématiques et où 
il l'encourage dans la voie de l'étude (Hayderabad, 1048); la réponse d'al-Sijeï à dix questions que 
Jui avait adressées un géomètre de Chiras, Paris MS 2457, 151a-136h la lettre d'al-Sijai (Akumad b. 
Mübammad b. “Abd al-Jalil) à Abü'l-Husayn Muhammad b. “Abd al-Jalit (son père) et dont il dit 
être d'esclave, min “abdih (Paris MS 2457, 137b-149). Ibn Täwüs (m. 664 H.) nous apprend dans 
Faraj almahmäm ft tarikh “ulamä* al-nujüm (al-Najaf, 1368 HL), p.127, que le père d'al-Sijei, M 
“Abd al-Jalil était versé dans la science des astres ét qu'il était l'autear de livres coanus à l'époque 
d'lbn Tawüs: Kitab ul-tjat fi istikhraj alhyläÿ w'alhadkhuda st Magilo fi fath albôb (l'édition très 
fuative porte al-Sinjari au lieu d'al-Sij:3, erreur due au déplacement d’un point di 
aussi Ja lettre d'al-Sigeï à Abü “AÏF Nazif b. Yumn en 970 A.D. MS Paris 2457 F. 136b-137a; la lettre 
d'al-Häshimt (vit en 220 IL.) à l'émir Abü’I-Fagl Jafar b. al-Muktofr sur le calcul des radicaux, MS 
Paris 2457, 16, £. TGs-78a: la correspondance entre Abü Ja “fer al-Khäzin et le géomètre Tbrahiru b. 
Sinän (296-335 H. 908 - 946 A.D.) qui commença sa carrière de chercheur à l'âge de 15 ans (Tbn lräqs 
Rosd'il: Taghikh s3j al-Safa'ih (Hyderabad, 1948), p. 45; Ibrahim b. Sioän, Rasa'il: Kitib Ji Larakät 
ülshors (Hayderabad, 1948), p. 70: la éorrespandance entre al-Buxjäni (m. 487 H,) et le cadi mathéma- 
ticien Ab SAIT al-Hubübi (Ibn “Lräq, Rosa'il: Alqusiyy al-falakiyya (Hyderabnd, 1948), p. 24 l'abone 
dante correspondance d'Abü'l-Jäd Ibn al-Layth avec ses contemperains: Al-Sijzi (Leiden Cod. Or, 
169, 13, 108b-115) avec al-Birüni op.cit., £. 45a-S4a); avec Tbu al-Chady? (op.cit. f. 116-144u); avec 
Abü Jaffar al-Khäzin (op.it,, £. 102-108a); voir aussi notre article **T'asbr‘al , JHAS, 1(1977), 
319-380, 373. Rappelons aussi la correspondance scientifique avec les pays musulmans de Fréderic 
11, (1194-1250 A. D.) qui connaissait l'arabe et aussi le grec, le latin, l'italien, l'allemand et le françai 
(Amar, “Questions philosophiques adressées aux savants musulmans par l'empereur Frédéric IT 
Journ. As. 50 8.4 1 (1853), 240-274; A. F. Mehreu, ‘Correspondance du philosophe souû Lbu Sabu 
Abd oul-Haqq avec l'empereur Frédéric de Hobenstaufen sur l'immortalité de l'âme," Jaurn. Às,, 
8, 14 (1879), 342-444, 347; Aldo Mieli, La Science Arabn (Leiden, 1966), pp. 152, 209. G, Sarton, 
Introd., voLIT, part 1, p. 600 et pp. 575-579. A-Qazwint, Aihér al-biläd wa okhbér al-“ibd (Gtringen, 
1348), p. 810. (Voir aussi Ibn Khallikän, Wafayät al-A‘yän, vol. 4, (Caire, 1941), pp. 396 et suiv., où 
un habitant de Damas interessé par les mathématiques cerit à Ibn Yüns (Mossoul) et reçoit quelques 
moi plus tard la réponse à ses difficultés (eu 633 11.) Arrétant jei une énumeration que nous pourrions 
allonger considérablement disons la nécessité de la correspondance entre astronomes observant en 
des lieux différents pour concerter leurs observations et remarquons que dans de nombreux manus- 
its les en-tête des mémoires ont disparu cachant ainsi le caractère épistolaire des écrits. D'autre part 
cette pratique est commune à toutes les branches du savoir, Ansi Aqä Bururg, dans sa Dari‘a, vol, 2. 
(ajaf, 1355 H.), pp. 71-04, donne nne longue énumération de 186 traités religieux, juridiques où 
philosophiques composés en réponse à des questions porées par des correspondants, et il considére 
qe Ja plus grande partie des mémoires ds à la correspondance a dû £e perdre, 
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la théorie des nombres en général, Diophante y est nommé expressément. 
Ce mémoire que nous désignerons sous le sigle M3 traite de la résolution en 
nombres entiers de a+y?= 322, de x? + (y) = 2%, a+y? = (32)? et 
d'un certain problème que l'on peut qualifier de diophantien, encore qu'il ne 
figure pas absolument dans l’Arithmétique de Diophante, Calculer x rationnel 
pour que +2 + K égale un carré de rationnel. Il existe un 2° mémoire d'Abü 
Jatfar M2 sur le même sujet: construction des triangles rectangles en nombres 
entiers, Paris MS 2457 fol. 86b-02b mais la méthode d'approche de la solution 
y est tout à fait différente. 

L'auteur y construit un tableau numérique donnant tous les triplets (x, 
y #) solutions de 42 + y? = 2% jusqu'à x < 461 et y étudie diverses propriétés 
de ces triangles.” Ce mémoire est apparemment antérieur à M3 si on en juge 
par les inadvertances et les erreurs qui s’y rencontrent.4® On sent que l’auteur 
n'a pas acquis la pleine maîtrise de son sujet alors que dans M3 la solution 
de x? + y? = 2? se présente sous une forme élégante, presque classique, comme 
on le verra. La préface de M2 est intéressante du point de vue historique, 
elle nous apprend qu'Abü Ja‘far avait été précédé dans sa tentative par Abü 
Muhammad al Khujandï, mais que la formule établie par ce dernier pour la 
solution de +? ++ y? = 2? n'était pas générale. De même Abü M. al-Khujandi 
avait cru démontrer l'impossibilité de 4 + y® = +* en nombres entiers, mais 
Abü Ja‘far avait montré son erreur. Il en avait résulté une discussion entre 
les deux auteurs, discussion qu'avait suivie Abdalläh b. Al l’arithméticien, 


8. MS Paris 2457, M. 213a, 214b, 

9. Si x, y, + n'ont pas de diviseur commun alors la solution générale de l'équation 42 + y2=— #1 
esta a+ by = a2—b2,x = ab, où à etb sont premiers entre eux, l'un pair, l'autre ip 
Par suite pour obtenir toutes les va- 
leurs possibles de +, Abû Jafar écrit - a — 
dans une 18% colonne, lex nombres 1,9, | 2 |? s [uw jar )z al 
3, m3 dans nne 2 colonne leurs care 

22, 82, , n2. Îl ajoute alors 12 à CHERE 
net écrit les sommes obtenues 
dans la ligne horizontalé passant par 1. 
Puis il ajoute 22 à 23, 32,.,., nè, ot 
écrit les resultats dank la ligne horizon: 
tale passant pur 2. TL suffit de ch 
dans Jes lignes horizontales Les s imp 


u2 et b2 en découlent d'où y et x. 


Ainai IT 1 +16 = 12 4 42, 
Par suite y A2— 11m 15 ct me 24] 8, 

29 =4+4 25 = 224 52 

y = $1—2= lex 282 20. 
s ou les erreurs sont fréquentes, semble- dans l'œuvre d'al-Khäzin, Le mémoire 
à et voir: Abü Nasr b. “lräq, Tag af al-jafa"it ( Rasä'il At Nayr, Hyderabad, 
Tamhtd al-mustagirr, ( Rosd'il al. Biränt, Hyderabad, 1948), pp. 77-18. 


| | 
25 | 50 | 61 | | 
| 
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en même temps qu'il traduit l'Arithmétique de Nicomaque et revoit la tra- 
duction des Eléments d'Euclide® fait des propriétés des nombres l’objet de 
ses méditations et on lui doit des écrits qui restent parmi les œuvres mathéma- 
tiques arabes les plus profondes en même temps qu'il frôle le raisonnement 
récurrentiel dans certaines relations numériques.‘ À en juger par la liste de 
ses ouvrages, il ne semble pas que Thäbit se soit intéressé à l'Arithmétique 
de Diopbante. De ce livre aucune trace non plus dans l'Algèbre pourtant si 
riche de Shujä b. Aslam, qui d’après nous a fleuri autour de 265 H.4 

Dès le début du 4® siècle H. l'influence de Diophante se fait cependant 
sentir et elle persistéra jusqu’à la fin du siècle et bien entendu au-delà. Al- 
Büjäni (m. 887 H.), venu de la Perse Orientale touche Baghdad en 348 H., 
à un moment où Baghdad vit des années relativement calmes sous le règne 
du bouyide Mu‘izz al-dawla.® Il écrit un “Commentaire sur le livre de Dio- 
phante” un “livre d'initiation à l'Arithmétique" (théorie des nombres ou livre 
de Nicomaque ?), le “livre des démonstrations employées par Diophante et 
celles employées par l’auteur dans son Commentaire”. Or, avant d'arriver à 
Baghdad il avait réçu son instruction sur la théorie des nombres, al-adadiyyat, 
et les questions arithmétiques de ses oncles Abü “Amr al-Maghazili et Abü 
“Abdallah M. b. “Anbasa, auteurs d’onvrages perdus. 

Le mémoire que nous publions; Paris MS 2457, f. 204a — 215a, appartient 
à un auteur qui est également de la Perse Orientale: Abü Ja‘far Muhammad 
b. al-Husayn al-Khuräsäni al-Säghäni al-Khäzin dont le nom et l'activité 
remplissent la première moitié du 4° siècle H.7 


Objet du mémoire 


Le mémoire d'Abü Ja‘far relève de cette catégorie d'ouvrages nés sous 
le signe de l'activité qui règne autour de l’Arithmétique de Diophante et de 


La formule attribuée par Proclus à Platon pour la construétion des triangles rectangles numériques 
était conoue des Arabes: [ (m1) (m 4-1) }2 + (2m)? = (m24-1)2. Elle figure, par ex., duus un mémoire 
anonyme dont il sera question plus turd (voir note 14). 

2, AL Fihrist, p. 485, AL-Qifué, Ikhbär, p.87: T. L, Heath, The Thiricon Books of Euclid's Elements, 
{New York, Dover Publ,, 1956), vol. 1, pp 75-16. 

3. F. Woepcke, *Notice sur une théorie ajoutée par Thô 
4%3., 420-429 (sur es nombres amiables). Voir le jugement de G. 
Inirod., vol. 1, p. 600. 

4 Tba Aslum, Al-Jabr to'al-mugäbala, MS Qura Mustafa, 379, Adel Anbouba, Un algébriste arabe, 
(Beyrouth, 1963), Horisone Techniques du Moyen Orient, n° 2, pp. 6-15. Adel Anbouba, + L'algëbre 
arabe aux IXe et X® siècles. Aperçu général,” Journal for th History of Arabic Science, 1978), 66-100. 

$. Ale Fihrist, pe 408: al-Qifti, p. 188. 

6. Voir les évènements des années 336-350 H., dans Ibn al-Jawzï, Al-Muntagim (Hyderabad, 
1367-8HL.), vols. 6 et 7, 

7, Pour quelques détails biographiques sur Abü Ja“far (et “Abdalläb b. EAÏK dont il sera question 


plusloin)on voudra bien se reporter à l'article Aubouba, +L'algèbre arabe", pp. 89-90. Voir ausi 
pp. 98-100, 


b. Korrah”*, Journ. A., 20 (1852), 
arton sur les quadratures de Thäbit, 


Un Traité d’Abu Ja‘far [al-Khazin] 


sur les triangles rectangles numériques 


Avez Ansoupat 


Introduction 


L'intérêt des Arabes pour la théorie des nombres a commencé aussitôt que 
le 3e siècle H. À la base de cet intérêt se placent les trois livres arithmétiques 
des Eléments d'Euclide, le Xème, l'Arithmétique de Nicomaque de Gérase, 
l'arithmétique de Diophante, certaines questions de quadratures et à n’en 
pas douter des traités ou fragments de traités grecs obscurs qui ne nous sont 
pas parvenus, voir même des passages de philosophes grecs.! Th äbit b. Qurra 


* Institut Moderne du Liban, Fanar-Jdaidet, Beyrouth, Liban. Cet article envoyé à l'edition aussi 
tôt que mai 1978 a subi, comme on le voit, un retard accidental assez long. Entre temps noue avons 
appris que le Dr. Ahmad Saidan avait publié dans la revue Diräsat, de l'Université Jordanienne, 
{écembre 1978), le mémoire objet de notre article (avec une analyse en longue anglaise): Paris MS 
2457, 49 (on 41), f, 24a- 2152, Nous nous sommes demandé alors si nous ne renoncerions pas à notre 
publication, Mais outre qu'une variété d'éditions d'un même texte ancien peut ètre de quelque ntilité 
pour les chercheurs, nous avons pensé que la partie française de notre article en justifait l'apparition. 
1 est vrai que le Dr. Saidan éerit: This is the text of the tract tronslnted by Woepcke in Ati ddl” 
Ace. pontif. d. nuovi Linceï 14 (1861). I is edited to form chapter two. . ‘ (opseit. p.1). En fa 
Woepeke dont la vie fut, hélas, assez brève, n'a pas traduit en français le texte concerné ici, 
Paris MS 2457, 19, 1. 82-86a, fragment d'un traité anonyme et MS 2457, 20, f, 86b-02a d'AbG Ja“far 
dont où trouvera l'analyse française dans Woepcke, op.cit. pp. 211-227, 241-269; et pp. 301-324, 43: 
356 respectivement, Nous proftons de cette occasion pour remercier ei le Conservateur des mauus- 
rite orientaux à la Bibliothèque Nationale de Paris, Me MR, Séguy dont nous avions sollicité et 
obtenu, au début de 1978, l'autorisation de publier le mémoire d'Abü Ja‘far, Notre reconnaissance 
va également à Mlle M.-T. Débarnot qui « lu avec beaucoup de soin le sommaire français de notre 
article et dont les remarques et les suggestions nous ont permis de reprendre la rédaction de certains 
passages et d'y apporter des rectifications, 

1. Nous ignorons si des commentaires de l'Arithmétique de Nicomaque furent traduits en arabe; 
lu chose est plausible, Jes noms des commentiteurs Proclus, Jean Philopon, Jamblique n'étaient pi 
étrangers aux Arabes. (AÏ-Qif(i, Jkhbôr al-tulama* (Caire, 1326 H.), pp. 44, 70, 292. G. Sarton, Jn- 
roduction to the History af Science (Baltimore, 1927) vol, 1, pp: 253, 851, T. L. Heath, À Manual vf 
Grerk Mathematics (Oxford, 1931), p. 62. AI-Qifii cite de Proclns d'Alexandrie un ouvrage sur la na: 
ture des nombres, en 4 livres!” (Dans l'édition, Proctus pour Proclus). Ibn al-Nadim nous apprend 
qu'on avait écrit des abrégés du livre de Nicomaque (al. Fihrist, Caire, s. d. pe 491). On doit à al-Kindï 
Um. 257 H.) un mémoire eur les nombres employés par Platon dans sa Politique {al- Fihrist, p. 3173). 
Al-Samas'al 69 8. H. cite un livre sur les nombres, apparemment apocryphe, attribué à Pythagore. 
(Al-Béhir, éd, Ahmad et Rashed, (Damas, 1972), pp. 9, 120, 122, Que l'on compare les nombres évoqués 
comme buses de numération par al-Jäbiz (al-Tarbi® w'al-tadwir, éd. Péllat, (Damas, 1955), p.Bl) ét 
le nombre choisi par Platon pour la population de la cité idéale (Les Lois, IUT, VI, coll, des U, de France, 
Tome XI, 2e p., trad. E, des Places, (Paris, 1951), p. 92). 
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INSTITUTE FOR THE HISTORY OF ARABIC SCIENCE 


AlRazi'e Ma al-Fariq (Book of Criteria) 
1979, 27 x 20 em, illüs. 530 pp. 50 LS. / 88, 


The Arabie text edited by Salman Katayé. Abu Bakr Muhammad bin Zakariya 
al-Razi (A. 251/865-313/025) uses the medium of questions and answers for 
the diagnoses of illnesses, 


Proceedings. First International Symposium for the History of Arabie Selence, 
5-12 April, 1976. Volume IL (European languages). 
368 pp 60 LS. / Bis, 


Papers by: (Exact Sciences) L. Garro, H. Hermelink, S. Hurreis, K. Juouiche, 
E.S. Kennedy, D. A. King, P. Kunit:sch, R. Lemay, J. Murdoch, À. J. Naji, 
H. M. Said, A.S.Saidan, J. Stroyls, F. Zimmermann, (Medicine) A. G. Deus, 
R. Degen, N. Gallagher, G. Karmi, M. Ullmann. (Technology, et al) T. Fahd, 
D.R. Hill, J. Piaskowski, W. Spencer, A. R. Zaki. 


Order directly from the _ Institute for tha History of Arabie Science 
University of Aeppo, Syria 


Pre-payment requested. Payable by check, money order or bank drafi. 


Forthcoming 


Baou Musa ibn Shakir; Kitab al-Hiyal. Critical edition of Arabic text by 
A. Y: al-Hassan, in collaboration with M. A. Khayyata. 


Studies in Arabic-[slamie Exact Sciences, The collected articles of E.S.Kennedÿ 
and students in the history of astronomy, astrology, planetary theory; mathe- 
matics. 


“Umar al-Khayyami, Al-Jabr w'almuqabala, The Arabic text edited by 
Roshdi Rashed, 
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ADIYAT HALAB 


Volume 3, 1979. 27 X 20 em, 384, 56 pp. in Arabie, French and English. 
41 pp. of photos and figures. 


Omar Dakkak Tho Dazsling Discovery: Ebla. (Ta Arabic), 16 pp. photos. 


Ahmad Ÿ. al-Hassan Decline in the Use of the Water Wheel and the Advent of 
Modern Irrigation Methods in Syria. Figures. 


Néophytos Edelby La Cathedrale Bysantine d’Alep. (In Arabic), with plans. 


Sami K. Hamarneh Arabic Glass Seals on Early on Eighth-Century Containers 
for Materia Medica. (illus.) 


Mohammad K. Fares The Minarets in Aleppo and their Architectural Development 
{in Arabic), 12 pp. photos. 


Abdul Karim Chéhndé Al Baghdadi, a Pioneer Arab Archatologist. (In Arabic). 
Wahid Khayata Les Juoires Pheniciens (In Arabic), with 8 photos. 

M, Altoanji The Gold-Wiredrawer (al-altunji) (In Arabic), with 5 photos, 
Basil Ayoub Origine de l'Ecriture. (In Arabie), with figures, 

Farid Jiha Les Sources des Monuments Historiques d'Alep (In Arabic). 


Abstracts in English or French are given for articles written in Arabie, 


Order from: INSTITUTE FOR THE HISTORY OF ARABIC SCIENCE 
UNIVERSITY OF ALEPPO, ALEPPO, SYRIA 


Pre-payment requested. Payable by check, bank draft or money order, 
LS. 25/86. 


Sources & Studies in the History of Arabic-Islamic Science 
Natural Sciences Series 1 


BUCH ÜBER DAS GEHEIMNIS DER SCHÔPFUNG 


UND DIE DARSTELLUNG DER NATUR 
(Buch der Ursachen) 


von 


PSEUDO-APOLLONIOS VON TYANA 


URSULA WEISSER, EDITOR 


(Sir al-Khaliqa wa san&at al-tabi*a; Kitäb al-<Hlal by Balinus al-Hakim and 
including Tabula Smaragdina and Kitb al-Tabrat al-insän by Nemesios of 
Emesa), 


1979. 27 x 20 em, 102 pp., Arabic text and index: 66 pp. Introduction and notes (in Germun). Bibliog 

L. 8. 60/ #15 
This is the most famous text of bermetic literature. Prof. Manfred Ullmaun 
has noted that it was valued as the key to the innermost secrets of nature, 
and to the alchemists of the Middle Ages it was as holy as the Ten Command- 
ments, 


The Tabula Smaragdina appears at the end of Sirr al-Khaliqa, and it should 
be understood to be a commentary 10 the Tabula. 


Dr. Weisser has used 17 of the numerous known copies for this edition She 
includes a long background history with a history of the Latin transmission; 
two revensions with a concordance and a description of the style characteristics 
of each. 
Book 1 On the Creation 
11 Ün the Spheres and Space 
LT On Minerals 
IV On Plants 
V On Animals 
VI On Man 


Payment by check, bank draft or money order t6: 
Institute for the History of Arabie Science 
University of Aleppo, Syria 


INSTITUTE FOR THE HISTORY OF ARABIC SCIENCE, ALEPPO, SYRIA 


Al-Jazari ur us 
A Compendium on the Theory and Practice ofthe Mechanical Arts 


Fäited by 
AHMAD Y. AL-HASSAN 


This is a critical edition of an Arabic text of over 500 pages. 
Five manuscripts have been used from among the fifteen extant. 
Al are annotated in the introduction. The 175 figures have been 
drawn after careful study and collation of the various illustrations 
in the manuscripts. 


The text describes in careful detail various mechanical and hydraulie 
machines from the period before the 14th century, in the Arab world. 


Glossaries include all technical terms used in the original text as 
well as English and modern Arabic equivalents. 


This work is important for historians of téchnology, historians 
of science, and anyoné working in the history of the Middlé East. 


31x 28, 676 pp 208 drawings, 16 color plates, paperbound.  L.S. 100/925. 
Payable by check, money order, or bank draft to the Institute. 


To Contributors of Articles for Publication 


in the Journal for the History of Arabic Science 


1. Submit the manuscript in duplicate to the Institute for the History 
of Arabie Science, The text should be typewritten, double-spaced, allowing 
ample margins for possible corrections and instructions to the printer. Plense 
include a summary in Arabie, if possible, about a third the length of the ori- 
ginal. Otherwise let us have a summary in the language of the paper. 


2, Bibliographical footnotes should be typed separately according to num- 
bers inserted in the text. They should be double-spaced as well, and contain 
an unabbreviated complete citation. For books this includes author, fall title 
(underlined), place, publisher, date, and page numbers. For journals give author, 
title of the article enclosed in quotation marks, journal title (underlined), volume 
number, year, pages. After the first quotation, if the reference is repeated, then 
the abbreviation op. cit. may be used, together with the author's name and 
an abbreviated form of the title. 


Examples : 


0. Neugebauer, À History of Ancient Mathematical Astronomy (New York: 
Springer, 1976), p. 123. 


Sevimn Tekeli, “Tagï al-Din's Method of Finding the Solar Parameters", 
Necaci Lugal Armagani, 24 (1968), 707-710. 


3. ln the transliteration of words written in the Arabic alphabet the 
following system is recommended: 


Tsa,b,t,th,j,bh,kh,d,dh,r,z,s,al 


De Ste ue pe tEcuSn À Qh Dre 


ë 


sodit,z, "gifs aq k,l 
wub bp E à 8 À 8 $ % 


À 
w,y 
: 
For short vowels, a for fatha, à for kasra, and u for the damma. 


For long vowels the following diacritical marks are drawn over the letters 
CEA 


The diphthong av is used for; and ay for si. 


NOTES ON CONTRIBUTORS 


Adel Anbouba works on the bistory of algebra aud geometry, He has tought the history of Arabic 
science and mathematics at the Lebanese University and at the French Faculty of Economics, His 
publications include studies on al-Karajï, Shujä® b. Aelam, Sharaf al-Din al-Tüef, al-Samaw'al b 
Yahyä al-Mughribi and other Jdlamie mathematil 


Beroard R, Goldstein studies the history of the medieval exact sciences. Among his notable achieve- 
monts was the discovery, publication, translation from the Arabie, and analysis, of à major portion of 
Pioleny's Planatary Hypotheses. 


Robert E, Hall is interested in the history of Islomic science and philosophy in general, and in 
psychology, opties, and mechanies in particulur, 


Ahmad Y. al-Hassan, Rector of Aleppo University and Director of the fustitute for the History 
af Arabie Science, is a historian of Arabie technology. He is currently preparing a text edition of the 
Boëk by tbe Band Müsä on mechanical devices, 


Ghada Karmï is a physician and bistorian of Arabie medicine. She bas been particularly interested 
io the Kunnäshôt, medical compendia used as manuals by medieval practicioners. 


Æ: 5. Kennedy bus centered his efforts upon the history of Islamic astronomy, having studied 
intensively several of the works of al-Birüoï and al-Käehi. 


Mustafa Mawaldi, of the staff of the Institute for the History of Arabie Science, has written articles 
ou économies and statistics, He js prepariug a critical edition of al-Nasawi's Kitdb al-tojrid, an intro- 
ductory manual of grometry. 


Seyyed Hossein Nase is a scholar whose very numeroux publications range aver a wide gamat of 
subjects, including eosmology religion, mysticism, and law, as well as the history of science. 


George Saliba bus recently joined the faculty of Columbis University. His interests include the 
rôle of Syrine in the transmission of Greek science to Islam. 
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this field his achievements have won him well deserved fame. So far he has 
published English translations of the most significant Arabie books on ingen- 
ious devices, even before these treatises had been printed in the original. 
Naturally, any detailed work of this sort will be found to contain ocensional 
errors, However, in view of the importance of his accomplishments, such errors 
are insignificant, almost negligible, By his labors Hill has paid the Banû Müsä 
their full tribute, Thanks to him, the Kit@b al-Hiyal is no longer a shadowy 
work concerning which the non-specialist must speculate on the basis of the 
rémarks of Ibn al-Nadim, Ibn al.Qifti, and Häji Khalifa. It has taken its rightful 
place as a book of science and engineering, a work which we comprehend and 
enjoy reading, It is to be hoped that the complete Arabic text will soon appear, 
10 complement Hills English translation. 
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published by him on Islamic-Arabic mechanical technology. 

The distinctive feature of this English version is that it is the first in any 
language (including Arabic) which presents the Kitab al-Hiyal) in its entirety. 
The discovery of the Topkapi MS in Istanbul has been of great value, giving 

work notable precedence over the German version by Hauser, 
Hill's book comprises two sections, the first being the Introduction. Among 
other important matters dealt with in this part are: (1) the life and work of 
the Ban Müsä, (2) manuscripts of the source, (3) earlier information on The 
Book of Ingenious Devices, (4) historical context, and (5) motifs. 

The second part of the book contains a complete translation descriptive 
of the hundred devices or models which oceur in the Kit@b al-Hiyal. Following 
each model ure notes and commentary. 

Hills baok ends with an appendix comprising three models whose relation 
10 the Kit@b al-Hiyal is challengeable. One occurs in the Vatican MS, another 
in the Topkapi version, the last in Leyden MS (Or. 168). There is a list of 
references consulted. and a glossary of Arabic terms and their English equiva- 
lents. 

In his research, Hill depended basically on the Topkapi MS. Wherever 
a passage oceurs in this MS, Hill relied on it primarily, compariog it to 
that Vatican copy. He deemed it unnecessary 10 collate it with the 
Gotha-Berlin MS. Elsewhere, the Vatican MS was taken to be the primary 
document, that is, in relation to those models missing in the Topkapi MS. 
Insofar as the last ten models are concerned, the Berlin MS is the only source 
available, since these are missing in both the Topkapi and the Vatican copies. 

Following the translated description of each model, Hill provides à pho- 
tographic reproduction of the drawing of that model as it oceurs in one of 
the MSS. Then he displays a simplified version of the same drawing, omitting 
unnecessary details, such as the handles of pitchers, decorations, ete. He also 
puts, on these redrawn sketches, the Latin letters corresponding to the Arabic 
of the original. Occasionally he also provides a modern illustrative drawing, 
sometimes adapted from Hauser’s book, with due acknowledgment. Finally, 
Hill inserts, following most of the drawings, appropriate remurks elucidating 
obscure ideas, or illuminating the fundamentals on whieb the particular model 
relies. Much repetition in these places has been saved by devoting a special 
section in the Introduction to an explanation of the common principles and 
recurrent methods used by the Banû Müsä in designing their models. 

Judging by auy standards, the work undertaken by Hill is stimulating: 
it is to to be highly esteemed. Whoever attempts to edit a book of this nature 
realizes the amount of experience and the mastery of technique needed for 
such work. It also presupposes good knowledge of Arabic. Researches by Hill 
Stand almost unique, For some time he has concentrated on translating and 
annotating works pertaining to Islamic Arabic mechanical technology, and in 
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The Sublime Methods of Spiritual Machines, by Tagi al-Din ibn Mafrüf al. 
Räsid al-Dimashqï.* These three books, separated as they are by long inter- 
vals of time (respectively, the 3rd/9th, Gth/12th, and the 10th} 16th centuries) 
constitute three major liuks in the chain mechanical engineering 
achievements, a component of Islamic-Arabie civilization. It is to be hoped 
that the recovery and publication of other books will supply the missing 
links to the chain.‘ 

Thus the Tslamic-Arabie legacy in the field of ingenious devices begins 
with the work of the Banû Müsä, a book which won resounding fame in the 
Arabie literature, Fortunately, this is one of the few books by the Banä Müsi 
that have survived. However, in spite of its being widely known, the extant 
MSS are few. Today there are only three major copies: T'opkapi Saray Ahmet 
IL 3474; Vatican MS 317; and a third MS, divided between the Gotha library 
(No. 1349) and Berlin (No. 5562). The Topkapi MS has only recently come 10 
light" 

It was towards the end of the Jast century that historians of science began 
to devote their attention to the Kit&b al-Hiyal by the Banü Müsä. Serious 
studies on this book, however, were not conducted before the first decades 
of this century, when Wiedemann and Hauser published articles on the drink- 
ing pitchers, and described figures 85-87 of the Kitäb al-Hiyal” Hauser later 
published a lengthy book into which he incorporated the remaining figures, 
Thus the work became available in German. Wiedemann and Hauser depended 
primarily upon the Vatican MS, and, in a secondary sense, upon the Gotha- 
Berlin version, Because the texts in these MSS were sadly truncated and 
seriously defective, Hauser exerted much effort in attempting to interpret 
the figures. In consequence he had to take liberties with the translation, recast- 
ing the German in such manner as to render the text intelligible from the 
technical point of view. 

The latest and most important research on the Kitäb al-Hiyal is the book 
here reviewed, the English translation of the complete text by Donald Hill 
He thus continues an important project commenced in 1973 with his English 
translation of the book of al-Jazari.” This is in addition to other research 


4 The Arabie texc lus been edited by Ahmad Y.al-Hassan, AE Turug alsanty ft al-älétal-rühäniye 
(Aleppo, IHAS, 1976). 

5, For word of an additional liuk, see Donald R. Hill, A Trentise on Machiut 
History of Arabie Seieneu, 1 (1977), 33-46. 

6, See the review of Hills al-Jazart translation by David À, King, “Medieval Mechanical Devices", 
History of Science, 18 (1957) 24-289. 

7. Ellhurd Wiedemana and P. Hnuser, “Über Teinkgefässe und Tafelaufsütré nach al-Gazart und 
den Banû Müsà’”, Der Islam, 8 (1918), 55-93, 264-291. 

8 F. Hauser, Über das Kitäb ali: bhand, sur Gesch, der Naturwissenschafien und der 
Medisin (Erlaugeu, 1922). 

9. See Note 3 above. 
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Donald R. Hill (Translator). The Book of Ingenious Devices (Kitäb al- 
Hiyal) by the Banü (sons of) Müsä bin Shäkir. Translated and annotated by 
Donald R. Hill. Dordrecht, Holland: D, Reidel Publishing Co., 1979. x + 267 
pages. DA. 130 / 563. 


The Banû Müsä lived in the 3rd (H.)/9th (A.D.) century, when Arabic 
ivilization had reached its zenith. In the reign of al-Ma’mün and the caliphs 
who succeeded him, the three sons of Müsä bin Shäkir-Muhammad, Abmad, 
and al-Hasan - played a prominent part in promoting the sciences, particularly 
mathematics, astronomy, and mechanics. This they did through their writings, 
as well as by their pervasive influence on the translation movement from 
Greek into Arabic, But while the writings of the Banü Müsä were voluminous 
and varied, the work which stands out as distinctive is The Book of Ingenious 
Devices (Kitäb al-Hiyal). Wherever mention is made of the Banûü Müsä, this 
ingenious piece of work stands as their greatest achievement, 

Inthe Mafätih al Ulim, al-Khwärizmi sets down al-hiyal (the science 
of ingenious devices) as one of eight fandamental disciplines. He then divides 
it into two parts: one pertains to the moving of weights by application of 
mechanical advantage: the other deals with ingenious devices for moving wa- 
ter, and the making of eurious vessels, along with the related art of automata. 

In later classifications of the sciences, al-hiyal found itself categorired 
as a branch of al-handasa, not in the mathematical sense (geometry), but 
rather in the technological (the engineering)® sense. 

In any case, and apart from classifications of the sciences, so widely differ- 
ent from age to age, the science of ingenious devices, or al-hiyal, falls within the 
scope of mechanical engineering, as it deals with machines, instruments, and 
hydraulie and mechanical equipment. 

Until recently, only two Arabie books on the subject had been widely 
known, one, The Book of Ingenious Devices by the Banû Müsä, the other À 
Compendium on the Theory and Practice of Ingenious Devices by Badi° al- 
Zamän ibn al-Razzäz al-Jazart To these twa have now been added a third, 


1. Muhammad b. Ahmad D. Yüsif al-Kin 
alMuoiriya, 1342 HL), p. 191. 

2, Afimad al-Qalqashandï, Sub} al-14h& (Cairo, al-Magha‘at al-Amiriya, 1913) , vol. 1, p. 476. 

3. The Arabie text has recently been published: AL.fmi® bayn al%ilm w'al-amal ul-n4fi® 
tinë*ot al-hiyal, by Ibn al-Raz3z al-Jazart, edited by Ahmad Y. al-Hossan, Institute for the History 
of Arabie Science, hereafter HAS, (Aleppo, 1979). Thix was preceded by the English translation: The 
Book of Knowledge of Ingenious Mechanical Devices by Tbn al-Razzäz al-Jazari, tranelated and annotat- 
ed by Donald Hill (Dordrecht, Reidel, 1973), 
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Professor al-Haschmi Honored 


On June 7, 1979, the Institute for the History of Arabic Science held a 
ceremony in honour of Professor Muhammad Yahya al-Haschimi. The program 
included a poem in praise of this noted historian of science by “Omar Abu 
Qaws. Drs. Taha Ishag Kayali, Abd al-Salam “Ujeili and Mr. Fuad Aintabi 
delivered speeches dealing with Professor Haschmis life and work, His 
books were‘on display during the ceremony, and he was nominated for the 
Syrian Order of Merit. His book on plants, which Dr. Nazir Sankari is 
presently révising, will be published in the near future. 

Professor Haschmi was born in Aleppo in 1904. He studied chemistry and 
philosophy in Germany, and took the doctorate for his study on al-Biränis 
Kitäb al-Ahjar. During his long professional career he has taught in secondary 
schools in Aleppo, and lectured at the university. His special interest has 
been the history of Arabie and Islamic science and its transmission to the 
West. He has published a number of articles and several books, His most 
important achievement was the establishment of the Syrian Society for 
Scientific Research in 1957. Professor Haschmi has retired from teaching, 
but is still pursuing his scientific activitiés, in addition to being an active 
member of the Syriau Society for the History of Science, 


Professor Sezgin Winner of King Faisal 
International Award 


Professor Fuat Sezgin, the candidate of the Institute for the History nf 
Arabic Science for the King Faisal International Award, won the award for 
Islamic studies, bestowed in recognition of his six volume work, Geschichte 
des arabischen Schrifitums. Professor Sezgin has already spent twenty years 
cullecting and compiling his source material for this monumental publication, 
and two further volumes are still in preparation. 

One of the orientalists present at the congress held in Würzburg (FRG) 
in 1968, said in praise of this great achievement, “Brockelmann was the centre 
of attention for many à year, but the Geschichte des arabischen Schrifitums 
will become one of the 20th century’s most important contributions to Arabic 
Jiterary culture and the classification of the immense Arabic heritage”, 

In the introduction to the first volume of the Arabic translation from its 
German original, Dr. Fahmi abu al-Fadl says, “This is not only a book on 
science, but also a proof of great achievement if we consider that such a work 
is usually compiled by a group of scholars. Yet the Geschichte des arabischen 
Schrifitums is entirely the work of Professor Sezgin”. 

Professor Sezgin was born in Istanbul in 1924 where he studied, taking 
his doctorate in Islamic Science and Persian Studies, For a number of years 
he was on the faculty of the University of Istanbul, 

The History of Rhetorie written in Turkish (1947), and Srudies on Bulkharis 
Compendium of Sources, published in 1956, are only two of Professor Sezgiu's 
aumerous works. In 1960 he moved to Germany, where he lectured for two 
years at the Institute for Semitic Languages of the University of Frankfurt. 
Subsequently he was named a visiting professor at the Institute for the Hi 
tory of Natural Science at the same institution, He then obtained a chair at 
the University of Frankfurt with all the rights of a German professor, although 
he retained his Turkish nationality. 

He was granted the award on February 27, 1979, in an official ceremony 
held in Riyad under the patronage of His Majesty King Khaled ibn Abdul 
Axiz. Dr. Ahmad Y. al-Hasan, Rector of the University of Aleppo and Director, 
Tostitute for the History of Arabic Science, attended the official celebration. 

The award consists of a certificate bearing the name of the prize, a valuable 
medal, and a sum of money equivalent to 200,000 Saudi Rials, 


The Second International Symposium for the History 
of Arabic Science 


The opening ceremonies were convened on Thursday, 5 April, 1979, before 
an audience of seven hundred people. The scientific meetings commenced on 
the same day. These continued through Monday, 9 April, being held in various 
auditoriums of the University of Aleppo. 

The meetings included three seminars, having the following themes: 

The Place of Science and Medicine in Medieval Islamic Civilization 
The History of Algebra 
and The Transmission of Arabic Science to the Latin West 
Each seminar was addressed by a group of from two to four invited speakers, 
after which the meeting was thrown open for general discussion. 

In addition to the seminars, there was a total of seventeen sessions for the 
presentation of some 114 short papers on topics chosen by the participants, 
opportunity being given for questions and remarks from the floor after each 
paper. These sessions were organized by fields of study, with two or more 
running simultaneouely. The history of medicine was by far the most popular 
subject with thirty-four papers. Next was mathematics with eighteen, thence 
lesser numbers of presentations involving astronomy, the earth sciences, tech 
nology, astrology, alchemy, physies, agriculture, and 50 on. 

Intérspersed with the scientific sessions were lectures and film showings 
of general interest, notably of the excavations at the famous nearby site of 
ancient Ebla, 

The Institute for the History of Arabic Science prepared exhibits of publi. 
cations of the University of Aleppo and of the numerous objects which make 
up the first acquisitions for the Institute’s future history of science and 
technology museum. 

The last day of the Symposium concluded with a general mecting of par- 
ticipants, for the adoption of resolutions, and a final banquet. 

On Tuesday, 10 April, those of the departing visitors who so chose were 
escorted on tours to Ebla and the Krak des Chevaliers via Homs, or to Lattakia 
and Ugarit. 

Scholars resident in a total of twenty-seven different countries were present. 
Naturally, the twenty-three from Syria, the host country, made up the largest 
group. There were twenty-seven from the other Arab countries, about a third 
of these being from neïghboring Iraq. The eleve participants from the USSR 
made up the largest single delegation, with West Germany, France, the US, A. 
and the United Kingdom not far behind. 

Many of the participants expressed gratification at the level of the material 
presented, and with the arrangements in general. The organizers of the Sym- 
posium may congratulate themselves upon a job well done. 
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by Sbath in bis published catalogue, is not noted by either Brockelmann, 
Sezgin, or Ullmann in their bibliographies. 


The Manuscript 
(Number: Antaki 1) 

Damaged and faded leather cover, The binding has come apart and most 
of the pages are loose, but otherwise the manuseript is well-preserved. Stained 
pages. Almost no marginal notes. The first page contains one owner’s seal 
and four entries in different hands. One of these, which appears to be more 
recent than the text, reads: 

A dl  pit UE Ai sie Gi le des and Lée joel os 
GS LS Ge de 

182 ff, Complete. Paginated in ink. Ends on p. 364. 

18.5 x 11.5 em. 22 lines. 

Legible naskhi seript, partly vocalised. Red ink headings, No scribe's name. 

Undated. Probably 7th/13th century (as Sbath). 


Begins: 
Det Gil LS qe de [sie] af Que de, gels os pe ce à 
Bb ge Bas EG laloes due où à! JET mn que Qi Ji ai je Let del 3 

ee le li JeVls est O5 Bey Ci 


Ends: 
a pl ae QD Ge Q ge die pos JS pou fle pes Ds db çà 
le LES JS a QUOI Le ue DSSN ed NL per de st 5k JUS Gt A 
ads QU Fa Qi UV 55 Vs des JS pis bee es bal Gb gli à 

LES be mes Ty de Lee Je àl pes ou ge à 

It is of course always useful 10 discover the whereabouts of an Arabic 
scientifie manuseript. But it is particularly useful in this case for two reasons: 
firstly, there is ne modern printed edition of K. al-Mansüri, and secondly, 
the book is of great importance 10 the history of Arabie medicine and medi- 
aeval learning. In addition, this manuscript is especially valuable because it is 
complete, well-preserved, and appears to be early. Many of the surviving 
manuscripts of K. al-Mansüri are incomplete, sometimes lacking as much as a 
half or a third of the original text, 

It is fortunate that this manuscript has been released from private owner- 
ship and is now available for scholarly use. 


9. Brockelm Geschichte der arabischen Litteratur (Weimar: Felber, 1898-1902), Vol.I, pp. 
233: (ons would not of course expeet the Sbath manuseript to be mentioned lu this edition); Supple- 
mant, (Leiden: Brill, 1937-42), Vol. I, p. 417: Sergin, op. cit, Vol. II, pp. 281-2; M. Ulkwann, Die 
Medisin im Islam (Leiden: Bril, 1970), p 192. 

10, Ju vbs connection, it should be mentioned that L am currently preparing un edition of Book Ÿ 
for publication by the JITAS. This MS will be one of those sed in the preparation of this editiou. 
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scripts of the work extant, dispersed in various castern and western libraries, 
This large number and the wide temporal span of the surviving manuseripts 
is further testimony to its popularity.® Yet, apart from Reiske’s Arabic and 
Latin edition of 1776, there has been no Arabic edition of the work in modern 
times. The first magäla was edited and translated into French by de Koning 
in the early part of this century. 

K. al-Mansüri is moderately large, (the manuscript length averages at 
200 #). It deals with all the major topics of medical importance of the time, 
as the subjects of the ten magälat indicate: 

The Form aud Appearance of Organs 

Knowledge of the Temperoments of Bodies and the Preponderant Hmaurs in Them 
The Faculties of Fouds and Medicines 

The Préservation of Health 

Cosmeties and External Diseases 

The Management of the Traveller 

Bonesetting, Wounde and Uleers 

Poisons and Insert Bites 

The Diseases from Head to Toe 

Fevers, Coction, Crisis, the Urine and the Pulse 

In 1977, the Institute for the History of Arabie Science at Aleppo received 
a gift of 255 manuscripts from a well-known art collector of Aleppo, Mr. George 
Antaki. Among the medical works was a manuscript of K. al-Mansüri. The 
only copy of this book previously known to have been in Aleppo was the one 
mentioned by Father Paul Sbath in his 3-volume catalogue of the manuscripts 
held in private collections in Aleppo. Here, he refers to a manuscript of K. al- 
Mansüri in the collection of the consul for Holland, M. Rodolphe Poché. The 
entry in Sbath's book is characteristically brief and gives no description of 
the manuscript# Careful inquiry bas established that this manuscript of the 
Duteh consul is the same as that donated to the ZHAS,. It had passed from 
that owner into the posession of others and thence to the final purchaser who 
donated it to the HAS. With the manuécripts came also a hand-written list 
of their titles, authors, and brief descriptions. This is contained in à small 
exercise book, said to have been written by Paul Sbath in the 1930s in prepara- 
tion for a fuller catalogue (which he never undertook). The entry for K. al- 
Mançäri dates it as 13th century (A. D.) and marks it as ‘précieux’, No other 
description is given. The existence of this manuscript, although it was listed 


6: There are manuscripts of this work dating from the 5th/11th century until the 12th/1Bth cen- 
e F. Sezgin, Geschichte dés arabischen Schrifiuma (Leiden: Brill, 1967), Vol. 111, 


. P. de Koning, Trois traités d'anatomie arabe (Leiden: Brill, 1903), pp. 2-98. 
8. P. Sbuth, al: Fihrist, catalogue des manuscrits arabes, 3 volumes plus supplement, Caire, 1938- 


49, VolI, p.99. Elsowhere (Introduction, pivii), Sbatb says that this Consul had a large collection of 
Arabie manuscripts. 
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Notice of Another Manuscript 


of al-Razr's Kitab al-Mansuni 
Guana Karmi* 


NE OF THE MOST FAMOUS of Abü Bakr Muhammad b, Zakariyya al: 
Räzïs books was the comprehensive book on medicine which he dedicated 
to the Samanid prince, Abù Sälih al-Mançür b. Ishäq, (after whom it was known 
as the K. al-Mansüri). 1t was an extremely celebrated work in the Latin West 
throughout the Middle Ages, and was translated into Hebrew, Greek and 
Latin, the last by Gerard of Cremona in 1175. It was printed in Latin in 1481, 
and was reprinted many times thereafter, There are also many Latin mauu- 
scripts of the book extant, further proof of its popularity in the West. K. al- 
Mansüri is divided into ten treatises, or magalat. The 9th maqäla, or Liber 
Nonus (alternatively known as the Nonus Almansoris), wbich deals with the 
diseases from head to toe, became especially important in Latin translation. 
It was printed many times, particularly in the 15th century, and was extensive- 
ly used and commented on in the 15th and 16th centuries® The most famous 
of these commentaries was Audreas Vesalius’ paraphrase, which was published 
in 15374 
K. al-Mansüri was also popular and important in the Arabie East. Abnl- 
“Abbäs al-Majüsi, the 10th-century author of the medical encyclopaedia, Kämil 
al.Sina°a, says in his introduction that al-Räzi had surpassed all others in the 
excellence of his book, K. al-Manyär.s Today, there are no less than 47 manu 


“The Welleome Institute for the History of Medicine, 1% Eusron Road, London, N:W.1, UK: 

1: ee M, Steinschneider, Die europäischen Übersetsungen aus dam Arabischen bis Mitte des 11. Jahre 
hunderts (Vienna, 1904-5), p.25. 

2. See L. Thomdyke noû P, Kybre, À Caiologue of Incipits of Mediauval Sciensife Writing in 
Latin, revised and angmented edition, (Medineval Academy of America, 1963), pp. 272, 471, 1053, 
1375, 1548; alvo, S. Pansier, “Catalogues des momuserits medicaux des bibliothèques de Frane#”, 
Sudhoffs Archiv, A1908), 86.7. 

3, See EL. Schipperges, “Bemerkungen zu Rhases und seinem Liber Nonus'*, Sudhoffs Archiv 
a7(1963), 273-7. 


, Parophrasis in Nonum Librum Rhazue (Basle, 1547). 
5, AÏ-Majüsi, Kämil al-yindfa (Cairo, Bulaq, 1294/1877), Vol, 1, p: 5, 1 1-3. 
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En collaboration avec René R. J. Robhr, “Deux astrolabes-quadrants turcs”, 
Centaurus, 19(1975), 108-124. 


1976 

“Un cadran solaire juif”, Centaurus, 19(1976), 264-272, 

«Un compendium de poche par Homphrey Cole (1557), Annali dell'Tstituro 
e Musco di Storia della Scienza di Firenze, 1 (1976), 1-11. 


1977 

“Quelques aspects récents de la gnomonique tunisienne”, Revue de l'Occident 
Musulman et de la Méditerranée, (Aix-en-Provence, France), 1977, 207-221. 

“Un cadran de hauteur”, Annali dell Tstituto e Museo di Storia della Scienza di 
Firenze, 2 (1977), 21-25, 

En collaboration avec D. A. King: *Tbn al-Shätr's Sandüq al-Yawäqit: An 
Astronomical Compendium”, Journal for the History of Arabic Science, 
1(1977), 187-256. 

1978 

“Un cadran solaire grec à Aï Khanoum, Afghanistan", L'Astronomie (Paris), 
92 (1978), 357-362. 

En collaboration avec D. A. King: “Le cadran solaire de la Mosquée d'Ibn 
Tülün au Caire”, Journal for the History of Arabic Science, 1978), 331- 
357. 

Un texte d’ar-Rudani sur l’astrolabe sphérique”, Annali dell Istituto e Museo 
di Storia della Scienza di Firenze, 3(1978), 71-75. 


1979 
“Astrolabe et cadran solaire en projection stéréographique horizontale", 
Centaurus, 22(1979), 298-314. 
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tan. Toutes ses recherches furent brutalement interrompues par son décès en 

décembre 1978, alors que deux artiéles étaient encore sous presse. 
On trouvera ci-après une liste de ses publications. 

1969 

“L'histoire du cadran solaire”, La Suisse Horlogère, (1969), 93-101. 

1970 

“Note sur Je cadran solaire de Brou”’, L’Astronomie, Paris (1970), 83-85. 

“Les cadrans solaires polyédriques du musée du Pays Vaurais", Bulletin de 
la Société des Sciences, Arts ot Balles-Lettres du Tarn, N.S., 29(1970), 357: 
365. 

1971 

“Les méridiennes du château de Versailles”, Revue de l'Histoire de Versailles, 
59(1971). 

“Un cadran solaire astronomique”, L'Astronomie, Paris (1971), 251-259. 


1972 
“Le cadran polyédrique du cloître de Brou”, Bulletin de la Saciété des Natura- 


listes et Archéologues de l'Ain, Bourg-en-Bresse, France, (1972), no. 86, 
77-82. 


“Le cadran aux étoiles”, Orion, (Schaffhouse, Suisse), 30(1972), 171-175. 

“Un cadran solaire de hauteur”, Sefunim IV, Bulletin 1972-1975, (Haifa), 
60-63. 

“Le cadran solaire de la mosquée Umayyade à Damas”, Centaurus, 16 (1972), 
285-208, reproduit dans E, S. Kennedy, and I. Ghanem, eds., The Life 
and Work of Ibn al-Shätir:an Arab Astronomer of the Fourteenth Century, 
(Alep: Institute for the History of Arabic Science, 1976), pp. 107-121. 


1973 


“Le monument solaire de Bagneux”, Histoire Archéologique, Bulletin de 
l'Association des Amis de Bagneux, (Bagneux, France), 1973, 521-529, 


1974 

“Le cadran solaire multiface de l'Abbaye Sainte-Croix de Bordeaux", Revue 
Historique de Bordeaux et du département de la Gironde, (France), 194, 
31-41. 

“Le cadran solaire analématique, histoire et développement", Centre Technique 
de l'Industrie Horlogère, (Besançon, France), no. 74. 2057, 1974, 1-37. Il 
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Éloge 


LOUIS JANIN 


17 OCTOBRE, 1897 — 29 DÉCEMBRE, 1978 


Par C. Nallet*, René R. J. Rohr, et D. A. King 


DL" des Hautes Etudes Commerciales, Docteur en Droit, M. Louis 
Janin a fait toute sa carrière dans le commerce international en tant que 
Directeur d’une grande banque parisienne. Il a eu six enfants, dix-huit petits- 
enfants et de nombreux amis. 

Au cours de sa vie professionnelle, M. Louis Janin a travaillé en Algérie 
et a eu de nombreux contacts avec les pays arabes. 

Ce n’est qu'après avoir pris sa retraite, en 1965, à l'âge de 68 ans, qu'il 
s'est intéressé à la gnomonique, et c’est à partir de cette date là qu'il lui a 
consacré son temps et ses efforts. Son intérêt pour la gnomonique arabe remonte 
À sa découverte de l'absence de publication sur le splendide cadran de la Mos- 
quée Omayyade à Damas. Par la suite, il a visité le Caire pour examiner tous 
les cadrans médiévaux que l'on peut y trouver, et il y a appris que le plus splen- 
dide de ceux que l’on connaît était celui de la Mosquée d'Ibn Tülûn qui n'existe 
plus que dans une reproduction fidèle préparée par les savants qui aëcompa- 
gnaient Bonaparte en Egypte, Une de ses publications les plus récentes traite 
d'un cadran extraordinaire, d’origine grecque, qui a été découvert en Afghanis- 


“19, avenue Carnot, 75017 Paris, France. 
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primarily of doctrinal responses; and when philosophy became foeused upon 
illuminationist metaphysics, the desirability of natural philosophy and the 
mathematical sciences of nature was seriouely reduced. But Avicenna's 
thought, as the foremost exemplar of falsafa, would also have played the 
leading part on the side of the ancient disciplines in the general ‘religious 
dialogue’ that 1 have posited, If the description is essentially correct this far, 
then one may affirm with confidence that Ibn Sinä’s theoretical psychology 
exercised a decisive influence upon the history of the Greek sciences and upon 
the evolution of Islamic cultural history in general. This is the conclusiôn that 
1 bave been the most anxious t0 substantiate; but even in a longish paper 
adequate support can be produced for only a part of the necessary argument. 
TL hope, though. that I have treated primarily those points which have most 
significance for the broader issues. 

Let me add a final observation. If this historical assessment has been an 
aceurate one, then the career of philosophy and of all the Greek sciences was 
préssed forward in the very centre of Muslim eulture, not at the periphery as 
is often supposed. Indeed philosophy and her sister disciplines will need to be 
regarded as having developed in ways and by processes which were common 
to most fields of intellectual endeavour in the Islamic middle ages and which 
séem to lave been among the most characteristie and important features of 
Muslim civilization. 


A5. AU the natural sciences were hurmed in this way, including psychology itself, But psychologieal 
theory eseaped to a considerable extent, because it waa ble to direct its inquiries towards the ontoloey 
ef intellects and related subjects; baving thus been itself trausformed, it came 10 occupy n position 
midway between ‘physies’ and metaphysios. 
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of the acquisition of knowledge which left him in exactly the moderate 
iluminationist posture he wanted, The analysis of “experience” (tajriba) in 
the Burhän was a crucial step in securing his epistemological doctrines. Tajriba 
could be useful, but it had a strictly limited rôle, and thére was no instance 
in which it could not, in the end, be avoided, ‘Experience’ belonged to the 
estimative faculty, ‘knowledge’ to the intellect; and the active principle of 
intellection resided in a celestial being. Avicenra’s establishing of this external- 
intellection theory of knowledge was what was most decisive, I have argued, 
in determining the subsequent relationship of the Greek sciences ard thoir 
proponents to the followers of the other ways of Muslim knowledge. 

Ibn Sinä’s attitude to empirical knowledge 1 bave mainly attributed 10 
ao ultimately Muslim belief in personal salvation. To this, too, I have credited 
bis interpretation of the ensoulment of the human embryo presented in the 
Kitüb al-Hayawën. Fiually, since paradise was to offer eternal intellection 
as its highest reward, it was in this connection also that the chief ontological 
problems were generated. Avicenna took various measures to reconcile actual 
intellection with incorporeal individualization, but he had no real success. 

The discussions in this paper were designed to show how very much of 
the philosophy of Ibn Sinä was connected to his psychology and how crucially 
his system depended upon the elahoration of a consistent general theory of 
the soul. In the Islamic intellectual world af the late ninth, tenth, and early 
eleventh centuries, moereover, it is correct to say that a very large proportion 
of the leading issues lay within psychological theory or derived immediately 
from doctrines there — an assertion for which my earlier list will have to provide 
asufficient prima facie case. In passing, without proof, J have offered an analy- 
sis of the development of Islamic intellectual culture wherein the fundamental 
process is seen as a ‘dialogue’ among the several groupings of Muslim thinkers, 
one of which comprised the faläsifa and other adherents of the Greek scien( 
Conceived here as basically a religious debate, it had as its underlying question 
the sort of ilm that was to be accepted as true and was thus to supply the 
proper understanding of the religion. The full examination of tajriba and 
related matters above was intended in part to elarify this picture of a general 
debate and to present a notable example of what I conclude was involved in 
it. I£ this interpretation represents the historical situation properly, then the 
further statement may be made, that through the medium of this ‘dialogue 
psychological theory exerted a major force in the final shaping of medieval 
Islamic culture, 

Probably no one doubts that Ibn Sinä was a key figure in the history of 
Muslim thought. The real task is to learn by what means Avicenna’s philosophy 
came to change the course of the Greek sciences in Islam and thus to alter 
the development of Muslim culture as a whole. A tentative answer is now 
available. The transformation in falsafa itself was relatively direct, a matter 
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But if Ibn Sinñ was not mystical in his outlook, neither was he empirical, 
He had arrived at a position where he hoped to have the best of both worlds, 
The practical result, in fact, was almost to gain neither, The salvaging of his 
philosophy did not begin until two centuries later, and then only in the Lranian 
schools: there it was made something wholly mystical, with logic and the 
sciences as pure propaedeutic. 

Avicenna’s illuminationism rendered tajriba superfluous and left falsafa 
impotent ta serve as a basis for the progressive investigation of nature. The 
cpistemological foundation of philosophy was made exactly the same as that 
of the traditional religious sciences in Avicenna’s system, viz., revelation from 
the Active Intellect: but of course philosophy could be given neither the direct 
authority of a God-sent Message nor the social support available to the Qur- 
‘änic disciplines or even to kalim. Yet the illumination accessible to the phil. 
osopher had little of the bliss and ecstasy of the union with God claimed by 
the sie. Withont saving the sciences of nature, without gaining the felicity 
of the mystics, and without espturing any of the social might or religious 
authority of the jurists or even the lesser strength of the theologians, Tbn 
Sinä failed his side badly in the general Islamic cultural debate over the 
nature of proper Muslim Slm. 

His was. to be sure, an extraordinarily difficult task, and one cannot deny 
the brillance, or at the very least the thoroughness and competence, of the 
philosophieal synthesis achieved by Avicenna. Ile provided solutions to the 
primary, psychological problems with which he had been faced, even if he 
left unanswered a set of derivative questions in ontology. Using an exceptional- 
1y oblique method of presentation Ibn Sinä produced a non-Aristotelian account 


esp. to the notes), pp. 129-131, and ch. 5 (pp. 145-196: published separately as La Connaissance 
mystique... also cited in note 44). Gardet and Massignon bad viewed Avicenna’s system as oltimately 
“inystical’, whether Plotinian or sfr; but in the next year appenred Shlomo Pines's “La *Philosoplit 
orientale” d'Avicenne et sa polémique contre les Bugdadiens', Archives d'histoire ductrinal et litéraire 
du mayen-dge, 27 (1952), 5-37, which found Avicennianism ta be an esoterie Peripateticism of essen- 
tially the sort that has been described in this paper, À rejoinder came from Heury Corbin, in his Avicenne 
et le récit visionnaire (2 ed, Paris, 1954), Eng. tr. by W. Traëk as Avicenna and the Visionary Reciul 
(New York, 1960), pp. 271-278; there be examined hoth the article by Pines and one by Massigaon 
(La Philosophie orientale d'Ibn Sinà et son alphabet philosophique”, pp. 1-18 in Mércoriol Avienne, 
AV: Miscellanea (Cairo, 1954)) before pressing an even more mystical reading than that of Massignon. 
Pines's ‘La Conception de Ia conscience de soi ; . .' (see note 04 above) is also pertinent here; and de, 
finally, Louis Gardet and M, M. Annwati, Mystique Musulmane (24 ed, Paris, 1968), passin. 

The present paper has relevanée to the problem of mysticism in Ibn Sinä only if Pines's side of tht 
argument is largely correct, L um gratified ju this respect by the support received from the conclusiont 
of the careful investigator of Al-Risäla al-Adhawiyy, Francesea Lucchetta, who in her introduction 
10 that work (ed. rit. note 4 above, pp. 1v-1vi) says «he bas found no evidence for ivihäd of any kind, 
or itisäl with entities other than the Active Intellect, or for direct contemplation, intellectual or other 
wie, ofthe One. Avicenna’s philosophy seems to have held within it only tlat moderate illuminotions 
au of an intellective kind which has been presented above, 
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But such knowledge is still intelligible, not more, and is logically - syllogis- 
tically — ordered, although all interrelationships among the intelligibles are 
known at the same time. J have not found any passage in the Shifd’, nor in 
the Jshärät the Adhawiyya, nor elsewhere, that suggests the least possibility 
that a human soul or intelleet, in this life ox the next, may become conjoined 
10 a being higher than the lowest of the celestial intellects, or, in other words, 
that it may participate in any knowledge or mode of being higher than‘that 
of the Active Intellect, Ibn Sinä's whole cosmological system demonstrates, 
and is in part designed in order to demonstrate, the impossibility of the unit- 
ing or conjoining with the One by any finite being, even the highest celestial 
intellect.# Moreover, far from proving mystical fana’ (extinction of self) in 
thestate of ‘conjunction’, Avicenna commits his efforts to preserving individual 
identity there. 

One may talk of more than one sort of spiritual union: the mystic may say 
Lam God”, in which case there is ittiäd (‘unifieation’) unqualified, and the 
identity of the mystic has been lost in that of God himself (or of the One); 
or he may claim that he is within or joined to God, a qualified trtihäd, where- 
in bis identity is retained; a thinker of Avicenna's persuasions, however, may 
only assert that he is within or joined to a celestial intellect, where his condi- 
tion is the intellective éttisal that has been discussed. This state is nothing like 
the ight” (nr) or the “tasting” (dhawg) dercribed by the sffis nor the kind 
of union with the One that Plotinus claimed to achieve. In the Ishärât and 
other places Ibn Sinä makes use of the language of the safi's; but it is not 


their doctrines he proceeds to expound. So, although he is unquestionably 
au iluminationist in a certain precisely restricted sense, Avicenna cannot 
be considered a mystie of either a süfi or a Plotinian kind. Nor, it seems to me, 


can he be termed a mystic in any other significant way. 


pp. 190-209 and 214-215, ad. cit. in note 4. 

The notion of eternal, or prophetie, intellection as timeless, or simultanecus, syllogizing is reusonably 
clearly expressed in the Kitäb al-Nafs passage (Eng: tr., p. 46 in Auicennas Psychology, cited above 
ia note 10; in the Arabie text of the Najat, p. 167, ed. vit. in the same note); timeless syllogiting seems 
also 10 be the activity that Aristotle attributed to the Prime Mover at the ead of Metaphysies XI: 9. 

43. Aviceuan's cosmology is fully expounded in the SJ See al-Hähiyyät VITE: 7 and IX: 2,3, 
sad 4, esp. IX: 3 and 4; ef. Nasr, Jriroduction …(eited in note 35 above), pp. 202-207 - but nse this 
account with care, for much of it is based on a riséla that is almost serteialy spurious, 

44. Ibu Sinä's mysticism® and the associated issue of his ‘esoteric philosophy" bave been taken up 
by nearly every Avicennian scholar active siace World War 11; and for good reason, as the solutions 
ta these problems must form a fundamental part of any general interpretation of Avicenna's thought, 
1shäll mention here only enough writings to furnish the basie information and make clear the main 
points of view. The state of opinion at the end of 1950 was compactly exhibited in the special issue 
of La Revus du Caire for June, 1951, which had articles on the subject by Louis Massignon and (two) 
by Louis Garde, plus two more on related topic by Ahmad Fu'äd al-Ahwñai and M.M.(G. C.) Anawati. 
Gardet's views were more fully explained in his La Pensée religieuse. (cited in note 44 above) published 
tbe same year; see pp. 23-29 (which follows the text of the first. Caïro article. but with additions. 
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à potential intellect, how can it be genuinely a component of the soul, which 
ought to subsist at n different ontological level? If, again, it really is an in. 
tellect, how can it have been individuated for a given matter (i.e., its body) in 
the first place? Why should the rational soul (whether truly soul or truly 
intellect) be supposed able to return to the dutor formarum as something self. 
subsistent when it has left it fit only to be joined in a necessary connexion 10 
one particular body ? What, principally and finally, is a ‘soul” doing in a celes- 
tial intellect qua soul, or, ifit is there as an intellectual entity, how can it have 
retained its individuality ? Ibn Sinä by no means avoids these questions, but 
he does not answer them cogently. He seems to exploit the intrinsie ambiguity 
of designations such as ‘rational soul’ and ‘individual intellect’, using them 
equivocally in senses that are in fact incompatible. 

This is but one place, although a principal one, to be sure, where the phil- 
osophical structure erected by Ibn Sinä reveals large cracks in its fabrie. The 
source of many of them lies in psychological theory, as has already been said, 
but of these, most emerge to view only as aws in his ontology. The ontolog- 
ical problems that are created by basic psychological doctrines like the ex- 
ternal-intellection theory of ‘ilm often may be traced further back, to the 
basic Muslim belief in individual immortality, in particular, Many of the 
diffculties in the ontology of Avicenna he himself fails to isolate, and not a 
few he covers over; they remain largely unsolved. Like the intricate Chris- 
tological enigmas of Patristie theology they are most obvious in what may be 
called, rather pedantically, ontological anthropology. These faults in the on 
tology of Ibn Sinä must be ranked among the intrineically most damaging 
in his entire system; some of them, moreover, relate to doctrines meant to 
replace traditionally interpreted Qur’änic dogmas. It is not surprising that 
the ontological failings as a group bécome particularly injurious to the repu- 
tation of Avicenna’s philosophy in the Islamie world. 

Since relevant information is now to hand, it is perhaps excusable 10 tum 
briefly aside to the issue of Ibn Sins mysticism. Certainly it is the teaching 
of Avicenna that authentic knowledge comes to the human mind only through 
conjunction (ittisal) with a celestial intellect. Prophets, and some others, at 
least in their inoments of greatest insight, grasp the whole or most of the 
intelligible world of the Active Intellect simultaneously; and continuous, 
or rather timeless, existence in this condition of complete understanding is 
the highest felicity in Avicenna’s paradise, This state of being is an immaterial 
and eternal possession of conscious, self-aware, and necessarily actual knowledge 
of the sort just described,** 


42, The main theoretical treauments of the higher buman intellectual (or paychical) states are 
Al-Shifa":Kitäb al-Nafs, V: 6, esp. pp. 249-250, ed. cit. in note 8 above, and al-Hähiyyät IX: 7, Ppe 
425-426 and 429 (in vol, IN), ed, cit. in note 13; and Al-Risäle al-Adhowiyya, ch. 7, passim, espi 
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individuation and bas indeed evolved the fundamentals of an ego-doctrine.t® 
His ‘ego’, L believe, may be described by the formula ‘individual rational 
soul’ = “intellect + *ego*; that is to say, the rational soul comprises an in 
tellective faculty and an unanalysed immaterial principle of individuation, 
which may be called an ‘ego’ (literally, and in the standard philosophical sense, 
if not precisely in any of the technical meanings of the term in modern psy- 
chology). Ît also seems that the potential intellect, in the narrowest sense, 
does, when actualized, become identical to the intelligibles which the rational 
soul is ‘borrowing”. But even so little as this is never made explicit. Some 
negative conclusions may be confidently drawn, however: that there is little 
real influence here from the Plotinian ‘we’, or the Stoie ‘attention’, and none 
from an ‘attentive’ (prosektikon) faculty (evon though it was conceived as a 
part of the rational soul) of the logically abominable type adopted by John 
Philoponus (Yahya al-Nahwt; ca. 490 - ca. 570).40 

Avicenna, as Î mentioned above, is aware of his failure in the Shifa’ to 
cope fully with the individualizing of a ‘resurrected' intellect, But the treat- 
ment in Al-Risäla al-Adhawiyya goes little further; the discussion may he 
“esoteric”, but it is scarcely more ‘demonstrative’ than that in the Shifa’." 


In the Adhawiyya the carrier of human individuality is considered to be the 
rational soul, which also is the element of a person that is saved at his death. 
How, though, is it to retain its intellective capacity, to become, indeed, an 
eternal intellect-in-act ? If the rational soul or any essential ‘part’ of it is really 


39. Rahman's wellknown views on Thn Sinä's idea of the ‘ego, expressed in Avicanna's Psychology: 
{ited in note 10 above), pp. 12-19, 102-104, and 109-114, were neceséarily tentative, for he was speak 
iug there only in relation to Ibn Sinë’s remarks in cb. 15 of the paychological part of the Vaja (Eng. 
2 ppe 64-68 in the same work: pp. 189-192 in the Arabic text, od. sit. abave in note 10), In this place 
Avicenna merely iudicates that the ultimate substrate of experience is in one sense the soul as a whole. 
The more developed doctrine of the *ego' is faund in the Shifa', Kitdb al-Nofs V: 7, ed. Rahmaa (cited 
uote 8 above), pp. 256-257; see especially p. 256, I. 9-11, a passage that follows upon the analysis 
of the “floating man* (see preceding note): ‘The referent (magsdd: ‘object referred to°) in the know- 
ledge L have about myself, that Lam the “T" whom T mean in my saying that 1 have seased [some- 
thing] and that 1 have intelligized [something] and that 1 have performed [some] act and that L cou 
bine these cbaracteristies [within myself], is another thing, which is what Leall the “1° and)". 

Cf. also note 34 ahove: see especially the Shifa”, al-Hähiyyät TL: 8 and VIT: 6 (for background), 
al-Risäla al-Adhawiyya, eh. d, and Pines, *La conception de Ia conscience de soi... , umong the ref. 
erences there. 

40. Rahmun, Avicenna’s Psychology (cited in note 10 àbove), pp; 111-114, presents un English trans- 
lation of Philoponus's remarkes on the ‘attentive faculty”; ef. Tobanaes Philopouus, Jn Aristtelis Da 
Anima libros commentaria [Commentaria in Aristotelem Graeca, XV], ed. M. Hayduck (Berlin, 1697), 
p.464, 11. 13 et seg. (on Da An. IL: 2, 425b12N). 

41 See above, p. T4 and note 34. The seeming besitancy of Ibn Sina over his doctrines of individua- 
tion of immaterial things appears in the Shÿj4" in Kitäb al-Nafs V:3 and al-Hôhiyyät IX: 7 and X4 
Lin al-Téhiyyät K2 1 (and to some extent in IX: 7) his dubiety is due at least in part to a desire to 
keep the discussion exoteric (with, of course, hints to the wise), but in the Kitdb al-Nofs the doubt 
seems wholly nnfeigned. 
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reduces to ontology. The problem of knowledge comes to be examined mainly 
through discussion of the ontological status of intelligibles and intellects, 
And to this same topic the study of the higher functions of the soul leads also 
at the end, 

The ideas of the ‘essential definition" (kadd) (ef. note 13), the species, and 
the genus are treated the most interestingly not in the logical books of the 
Shifé but in the Hähiyyat: for it is their mode of being that is principally at 
issue, and this is an ontological matter. Avicenna's rejection of Platonic Ideas 
on ontological grounds has already been noted; the ontological content of the 
problem of intelligible memory, 100, will have been evident. Finally, it is in 
ontology where the problems of psychological theory as such, having been 
averted earlier, now reappear to do battle. 

How can a rational soul be said really to become an eternal intellect-in-act ? 
Would this not require a change from one hypostasis into another, a change 
of a single subject from one level of being to an entirely distinct one? And 
would not such a change be entirely inexplicable in anything like Avicennian 
concepts? It is true that Ibn Sinä speaks of a child as entering a different 
species upon gaining its capacity for intellection, but this is simply a case, 
although a peculiar one, in which a properly prepared matter receives an 
entelechy that is common to all members of its (new) species.” (Scholars who 
seek to make Avicenna Plotinian must be especially careful on these matters: 
he never speaks of an individual ‘undescended' intellect, and the realization 
of a rational soul as an eternal intellect-in-act, however grotesquely it may 
distort Peripatetic views, is simply inconceivable in the cosmology of the 
Enneads). 

The rational soul qua individual is not an intellect, whereas qua intellect+ 
in-act it cannot be individual, Is the rational soul of a person, however, sup- 
posed to be identical with his intellect. and is this in turn to be identical with 
the intelligibles it reccives ? If so, there are grave problems here, surely insu- 
perable ones. But in fact, as has been remarked above, Ibn Sinä often speaks 
as though the potential intellect is merely a capacity for intellection inhering 
in something non-passive, namely the rational soul, which in one aspect is 
the Hagemonikon, the ‘controlling faculty”, of the individual, One should note 
also the self-awareness that Ibn Sinä attributes even to the so-called ‘loating 
man” (i.6., someone conceived as deprived of all sensory information what- 
ever) Thus he has hinted in several places at an immaterial principle of 


47. Shifa', Cairo ed., al-Hayawän XVI: 1, p. 403, 11. 7-8. ‘If a child (yabiy: lit., boy‘) [duly] 
endowed with sensation (fassäs 20) becomes [fully] human (ins an) through reason (nujg = Gk. 
logo), be progresses by this perfection (istikmäl: *entelechy") from one species (nan°) to another. 
(Because, according to Peripatetie philosophy, ‘man’ is the ‘rational {nufgf) animal’, differentiated 
from all other species by his reuson). The present passage is part of u longer one discussed abave 
(p.52) in connection with the ensouling of the embryo. 

38. Kütüb al-Nufs, 1: 1, ed, cit, note 8 above, p.16, and V:7, ibid. pp. 255-256; also, differentlÿ 
expressed, in the Tshärät (Le Livre des théorèmes et des avertissements, ed, J. Forget (Leiden, 1892), p. 19). 
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Whatever the reasons and motivations of Aviceuna, and whatever the 
nature of his mystical tendencies, his theory of the acquisition of knowledge 
through *conjunetion” with the Active Intelleet thoroughly undermines natural 
philosophy and the sciences, for his solid and integrated account effectively 
obviates empirical investigation, The examination of tajriba in the Shifa’ may 
well be intended to save the disciplines traditionally based on experience — 
Avicenna’s own intellectual biography very strongly suggests as much; but 
the epistemology developed by Ibn Sinä muves s0 far in the opposite direction 
as to become a form of illumiuationism. One cannot avoid the impression that 
the hardships of tajriba are really for the intellectually unlucky. Individual 
immortality has been saved, but empirical research has been made superfluous, 
at least in essence. Direct intellectual insight can be effective anywhere that 
tajriba cun be but is also able to go further and deeper, Avicenna will rightly 
be understood as saying. Logic and mathematics supply good mental training; 
noeties, epistemology, and ontology are important for their actual content. 
The rest of the Greek theoretical disciplines, especially natural philosophy 
and the mixed sciences, have a lesser value and are perhaps trifling 10 the 
best minds. Such is the eventual significance of Ibn Sinä’s treatment of empet- 
ria for the Greek way of knowledge in the Islamic world, There are strong 
intellectual and social forces against which the faläsifa are obliged to make 
themselves felt, but Avicenna’s philosophy turns too much towards illumina- 
tionism, and keeps Loo little of Peripateticism to provide a healthy environment 
for science, This is the cost that the successors of Ibn Sinä in falsafa and the 
natural and mathematical sciences will have to meet in order to pay for his 
success in constracting a system of logie, biology, and metaphysics that gains 
its coherence through these distinctive theories in psychology. 

There is also a price that is exacted within Ibn Sin&’s own philosophy for 
this triumph. The various problems of his noetie, both psychological and 
wpistemological, have largely been solved; but the solutions that have been 
reached create further diflculties. The new complications cluster together 
in the area of ontology. They are taken up in the Shifa”, then, in the Héhiyyat 
(meaning, science of] things divine’, but of course equivalent in meaning 
to metaphysics’), not in the Kitäb al-Nafs, which is a physical investigation 
ofthe soul, nor in the Burhän, the mainly epistemological work placed, however, 
in the logic jumla. 

Tbn Sina’s psychology in general has a tendency to merge into metaphys 
“How do we think? and ‘how do we know? are primary questions in his 
psychological enquiries, and they clearly presuppose the basic epistemological 
inquiry into the nature of knowledge. But the connection to metaphysics is 
much more intimate than that, for Avicenna’s epistemology in turn largely 


en | Avicenne, 111] (Cairo, 1952) or W. E. Gohlman, ed., The Life of Ibn Sind(Albany. 
LY,, 1974) 
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Lhave not meant to irply that Ibn Simä has no other motives in adopt. 
ing his intellective theory of “ilm than to save individual salvation, although 
{have maintained that this is much the weightiest one. But there are indeed 
further advantages Lo his account of the external active principle of human 
intellection. For one thing, all the benefits of a pure, Platonie epistemology 
are preserved without having the Ideas themselves self-subsistent, which was 
surely something ontologically objectionable (see Shifa”, Ilähiyyat, VIL: 3, 
and the preliminaries in LIL: 8; al-Färäbi has already made these points); 
the Ideas become the conscious contents of the more credibly self-subsistent 
celestial intellects (which were posited even by Aristotle; see especially Meta 
physics XIT: 8). Furthermore, intelligibles are necessarily immaterial and 
cannot be retained in a corporeal medium. (What, Avicenna asks, would half 
a spatially extended abstract man be ?) The Active Intelleet, however, provides 
a suitable storehouse from which they can be borrowed conveniently; other. 
wise, intelligibles would actually have to be abstracted anew each time from 
remembered images or intentiones. The solution of the problem of intellectual 
memory must be one of Ibn Sinäs chief grounds of a purely philosophical 
sort for making the active principle of abstract human knowledge something 
external. 

Finally, the intellection theory of Avicenna allows a quasi-mysticism 10 
be present in his philosophy, and he lives in a period when mystical thought 
is beginning to pervade Islamic cultural life. Talk of separated intellects and 
abstract contemplation will help to attract followers and will make the in- 
troduction of neophytes to his thonght easier to accomplish. It is also very 
likely that Ibn Sim himself finds this aspect of his philosophy satisfying. 
Certainly he believes it, for he says that he prays (intellectually) for middle 
terms. It is probable even that he views what 1 have just called his ‘quasi- 
mysticism’ as the only legitimate mysticism. In any event, it comes to be 
regarded by others as an altogether essential feature of his system. 


Syed Hasaa Barauÿ in “Ibn Sina and Alberuni. À Study in Similarities and Contrasts', Avicenna Com 
memoration Volume [A.H. 870-A,H, 1370] (Caleutta: Iran Society, 1956). L find the toue authentic. 
“The poem is also quoted by Seyyed Hossein Nasr in An Introduetion to Islamie Cosmologieal Doc 
trines (Cambridge, Mass., 1964), p. 183, and again in his Three Mustim Sages (Cambridge, Muss., 1964), 
pe 41, each time in à discussion of Ibn Sin and Islam: either will provide an interesting preliminary 
acconnt. 
36. In a por 


e sense, by the Tranfan philosophers beginning with Nayir al-Din al-Tüsi and his 
nco-Avicennianieun in the mid-thirteenth century, and eulminating with Mullà Sudrà (Sadr al-Din 
al-Shireï, eu, 1573-1640) and his syathesis of Ibn Sins’s philosophy and the thearetieally developed 
suis of Mulhyï al-Din Tbn “Arab (1165-1240). On the modern controversy over Avicenna's mysti- 
ibm see below, 

Tbn Sinä mentions praying for middle ter antobiography, and his ideas on the nature of 
proyer are expressod compendiously in the essay ‘a Prayer': both are convenientiy accessible in 
English in A. J. Arberry, tr., Avicenna on Theology (Loudon, 1951). There is no critieal Arabie text 
For the Risälut al-Salit, but for the antobiography see A. E. al-Abwani, ed., Aperçu sur la biographit 
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Avicenna’s doctrine of individual salvation, although far removed from 
Qur'änic teachings, is in the end a conviction that springs from religious 
rather than philosophical motives. Responsibility for bis ideas lies hère with 
bis thoroughly (if not always stringeutly) Muslim surroundings, not with his 
reading of the philosophers. 

The examples from embryology and epistemology considered in this paper 
attest the fandamental importance of personal immortality to Avicenna's 
philosophy. They should help to confirm my introductory remarks concerning 
the dialogue in medieval Islam between the more traditional groups of religious 
intellectuals and the Muslim philosophers. Ltrust they will also begin to show 
why it may be asserted that these philosophers, even Ibn Sinä, who is more 
difficult to analyse than some, consider their thought not merely to be accept- 
ably Muslim but to be the one true interpretation of theix religion." 


4 above). The Najät offers nothing of real interest, except where it repents the Shifä*, bat a hit may 
be gleaned from Rahman, tr., op. rit. ia note 10 above, cl. LL and 12, passim (= pp. 182-184 of the 
Arabic text, ed, eit, in the same note), 

Certain modern studies may also be conaulted: 


onis Gardet, La pensée religieuse d'Auicenne. {Ja 
Stnd) (Paris, 1951), pp. 88-94 and 94-105 in cb. 3, pp. 120-131 in cp. 4, und 145-183, passim, in ch. 5; 
idem, La connaissance mystique chez Ibn Sin& et ses présupposés philosophiques [— Mémoriel Avicenne, 
11] (Cairo, 1932), which is a preliminery version of ch. 5 of the préceding, but with certain passages ju 
Arabie included in the notes — pp. 1-49; Shlomo Pines, ‘La Conception de la conseience de soi chez 
Aviceone et chez Abu'l-Barakât al-Baghdädi", Archives d'histoire doctrinale ei litéraire du moyen-âge, 
20-21 (1953-54), pp. 20-99, one of the few really excellent studies on any aspect of Thn Siuë's thought: 
and Francesca Lucchetta, ‘Introduzione" to the Afhowiyya, ed. ri. in note à above. 

Cf. also note 49 below. 11 should be pointed out that the Adhawiyya presents doctrines hat are 
consistent with what the sophisticated reader of the Shifa’ would expect: bodily résurrection is drop- 
ped, individual salvation is kept, and ittihäd is still rejected — there is ouly intellectual contemplation 
insact of the One as duly *reflected". 

The aspects of mafäd that relate ta moral purification are not takeu up in 
question of the original individualization of the rational soul for its body considere! (but it should 
Le noted that this is done on the basis of the material attrihütes of the embryo), although both topics 
are important and are treated in both the Shifä' and the Adhawiyyu. 

As regards the traditional Peripatetie doctrines in this area of ontology, it must be said that Aris- 
totle nowhere provided an adequate examination of the *governing" part (or aspect) of the soul, or 
gave a focused analysis of the relationship of the rational soul to the intellector of the jutellect to the 
iateligibles. For the Aristotelian view that u nous as sueh is identical to its noétu, see, passinr, De An. 
UF:4,5, and 7, and Mera, XI: 7 and 9, 

35. Virtually all the folésifa (a notable exception being Muhammad ibn Zakariyyà al-Rasï, Lat. 
Rhuses, ca. 854 - ea, 030) fee] their philosophy und their religion to express the sumé Trath; a more 
Precise statement than this, however, would require lengthy élaboration. Many of the consequences 
of that helief are expresséd in their political philosophies, on which see, first, the Islamic part of Ralpli 
Lerner and Muhsin Mahdi, ede., Medieuol Political Philosophy: À Sourrebook (New York, 1963). The 
rôle of Islam in the life and thought of Tbn Stoä is peculiarly hard to assess, not leust because of his 
ability to be ‘all things to all people". Louis Gardet in La pensée religieuse d'Avirenne (eited in the 
preceding note) has devoted à book essentially to this subject; for his conclusions see esp. pp. 201-206. 

There is a Persion poem attributed to Ibn Sinä that ends, I um the unique person in tlie whole 
world and if 1 am a heretic/Then there is not a single Muslim anywhere in the world’ (Engliched by 


paper, nor is the 
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which enters the embryo, and the ‘acquired intellect”) are necessary in the 
philosophy of Tbn Sinä in order to explain personal intellectual immortality, 
Many of the contortions in Avicenna’s psychology, his metaphysies, and even 
his biology are in fact introduced to this same end, 

Ibn Sinä claims that the ‘saved’ human intellect remains individual in its 
étérnal state of ‘conjunction". The only possible way for him to justify this 
assertion philosophically is to elaborate his conceptions of the rational soul 
and of the passive intelleet. The two seem to me to be effectively identical, but 
let me Cor the moment call the entity which chieves ‘resurrection’ and immor- 
tality the ‘rational soul’ and let the passive intellect be simply the cnpacity 
for intellection which is attached to it. The rational soul, first of all, is very 
‘active’ in certain respects, even if its most important function is to be con- 
scious of the intelligibles of which it is receptive qua intellect: it serves the 
same purpose, indeed, as the hégomonikon of Aristotle (and in this rôle is less 
ambivalently described than was Aristotle”s ‘governing power”). The Avicen- 
nian notion of the ‘ego’ is closely connected with the idea of the individual 
rational soul (which in essence has the logically difficult attribute of being 
an individuated intellect). Unlike Aristotle’s nous, the rational soul of Avicen- 
na has the Faculty of receiving or sharing, but not simply of becoming, the 
intelligibles; the buman ‘agl, when Avicenna means by it, as he very often 
does, either the rational soul or at least something more than a pure intel- 
lective faculty, never is identical to its ma‘qülät. The preserving of the identity 
of the ‘resurrected’” rational soul cum intellect is a major requirement of his 
authentic teachings on salvation and not (in contrast with his remarks in the 
Tlähiyyat of the Shifa’ on the miraculous resurrection of the body) a view put 
forward for the sake of religious expediency. But, in my opinion, Ibn Sinä is 
able to make only a start on the necessary analysis. He does seem more con- 
fident about his doctrines in Al-Riséla al-Aghawiyya fil-Maäd than in the 
Shifé, and in the Aghawiyya he speaks primarily in terms of the (rational) 
soul rather than the intellect. Now it is certainly true that the Active Intellect 
as dator formarum is also the source of the rational soul as the form of the 
individual human being, and thereby as the form of those other, intelligible 
forms that he will receive — as Aristotle said, the mind is a ‘form of forms” 
(De Anima 111: 8, 432a2). The obvious ontological difficulties are not solved 
in a demonstrative way, however, in any of Avicenna’s writings that À know® 


34. On the problems in ontology, and especially the individuation of intellects, the following are 
among the principal discussions: in the Shifa”, al-Héhiyyät LIL: 4 (on tlie intellect as substrate for 
“quiddities', mdhiyyät), VITL: 6 and IX: 5 (background), IX: 7, and X: ] (relevant but disappointing), 
and in the Ktäb al-Nofs, V: 8 (pacticulorly), and also V: 7, passim — but note Avicenna's wariog (p. 
238, ed eit. in note 8 above) that the condition of the soul after death does not belong to the subject- 
matter of natural science (but rather to metaphysics); and in Al-Risdla ul-Adhawiyya (an esoteric 
But searcely apodeictie work), chs. 1, 4-6, and parts af eh. 7 (pp. 190-209 and 214-223, ed, cit, in note 
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ported by a general view of Aristotle's ontology and epistemology based upon 
passages found in De Anima LIL: 5, Metaphysics IL: 1 and XIL: 7 and 9, Ni- 
comachean Ethics X: 7, and elsewhere (not exeluding the “Theology of Aristo- 
te), as well as in the works of Aristotelian commentators such as Alexander 
of Apbrodisias and Plotinus (for su he was regarded). Ibn Sinä believes that 
this tradition of thinking, supplemented by various Islamic insights, bas the 
Truth, But for individual tenets within that structure he feels no real need 
{Lam persuaded) for particular textual justifications. Indeed in pressing his 


own views Avicenna usually finds the specific texts of others simply conven- 
ient props or annoying barriers, 
Apart from their deviation from the purer Aristotelianism, however, what 


has been learned of general significance about the doctrines in Book TT, 
has 


chapters 5 and 8, and Book IV, chapter 10, of the Burhän? Tujriba, on 
been told, develops through the products of estimation as they are retail 
with increasing orderliness in the memorative faculty, This ‘experience’ is 
‘iluminated” by the Active Intellect in such a way that the corresponding 
intelligibles are made présent to the human potential intellect - which there- 
upon becomes an intellect-in-act, the “agl mustafad or tacquired intelleet’, 

The careful noetic built up in the Kütäb al-Nafs is consistent with the last 
of the accounts in the Burhän, which indeed smoothes the way for it. The 
essence of Avicenna’s explanation when it has finally been consolidated is 
simple: through the workings of sensation and imagination and the formation, 
ultimately, of ‘experience’, the grasping of true, intelligible knowledge “from 
without’ is occasioned; but this knowledge can be conserved only in the sep- 
arate Active Intellect, and whenever an individual person shares in these 
intelligibles his intellectual faculty must be conjoined to the higher intelligence. 
The absolutely intellectual and incorporeal nature of human knowledge 
bas thus been upheld, while a rôle in aequiring knowledge has nevertheless 
been found for man's sensor faculties. 

The main consequence of keeping true cognition independent of things 
bodily, as Ibn Sinä intends it, is the possibility of immortality for the individ- 
ul intelleet. It is his belief, already examined briefly above, that a persons 
soul eventually can reach a point where it no longer depends at all upon cor- 
poreal faculties in attaining the intelligibles, but is in fact prevented by the 
body from prolonging its periods of intellectual contemplation. This independ- 
ence is to be achieved by constantly actualizing the rational faculty as an 
intellect — through ‘conjunction’, and in most cases, at least at first, from a 
basis of ‘experience’. To a soul thus elevated the death of the body is Lo come 
as a release that will allow it to enter the supremely happy condition of eternal 
intellection. 

The rejection of purely empirical theories of knowledge and the postulatingr 
within each human being of two entities from above (the rational soul itself, 
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(6) involve direct intellectual taydig. Tojriba enters explicitly into (5), but 
also, implicitly by way of façawrur, into (2) and (3). lt scarcely need be added 
that in every case the unexpressed phrase ‘from the Active Intellect’ is to be 
understood after the verb ‘receive’ or its equivalent. 

Much has thus beén said about ‘experience’ by Ibn Sinä in those chapters 
ofthe Burhän. But however helpful tajriba may be, in the end it does nothing 
that is absolutely essential, This conclusion is already implied clearly enough, 
except in one ease: but it holds, as one learns elsewhere, even for taçdig in 
respect of propositions like ‘scammony purges yellow ble”. Tajriba cannot 
serve as a proper originative source for ‘ilm. Here in Avicenna’s sÿstem 
with regard to the acquisition of knowledge through experience, even more 
than earlier on with regard to the ensoulment of the human embryo, there 
is a lesson to be drawn concerning Ibn Sinä’s attitude to Aristotle. The greater 
part of the Shifa’, ae was said above, follows the standard arrangement of the 
Aristotelian corpus. Yet within this minutely structured framework of topics, 
Avicenna is bis own man: it is the questions and not their treatment that are 
routinely taken over. Ibn Sinä philosophizes in a well-defined tradition, but 
departs from his predecessors, from Aristotle himself, not merely in details 
but in major doctrines. In the accounts of tajriba that have just been examined, 
the First Teacher’s opinions are first twisted, then ignored. The radical dicho- 
tomy between the sensible and intelligible worlds is stoutly maintained. 
Regardless of his esteem for Aristotle, Avicenna refuses to allow the senses or 
anything that is at all corporeal to create genuine, intellectual comprehension. 
Despite the soothing words of the preliminary discussion in IIT: 5, empeiria| 
tajriba is allowed only to lead towards, not actually to produce authentic 
knowledge. Notions from ‘experience’ cannot have any actual connection 
with abstractions proper. In some instances ‘experience’ may become a neces- 
sary cause of the acquisition of intelligibles; but it is never, as it was for Aris- 
totle in the Posterior Analyties, the stuff out of which true knowledge is refined, 
tbe actual origin of the arts and sciences, which is continuons with them. The 
real source of Silm as conceived by Ibn Sinä is something entirely different, 
the intelligibles subsistent in act in an eternal higher intellect. Although not 
at all an unprecedented rewording of Aristotle, in the context of the [Kitdb] 
al-Burhän this is a boldly consistent one. The empirical theory of knowledge 
is effectively destroyed in a ehapter that pretends to save it! The rational soul, 
which comes to the embryo ‘from without’, does indeed require that second 
entity “from without’ to make it think; only with the ‘acquired intellect” is 
it really rational. 

The un-Aristotelian treatment of the Aristotelian topics is itself very coher- 
ent, as the reader of Avicenna gradually discovers. Not that Ibn Sinä would 
regard bis owu philosophy as anti-Peripatetic; quite the contrary. The liber- 
ties taken with Posterior Analytics IL: 19 and Metaphysics L: 1 may be sup- 
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in IV: 10 one does not possess an integral, esoteric presentation of the theory 
of how the human mind obtains knowledge (although Ibn Siua goes well 
beyond the professed goal of the chapter, which is only to describe the acqui- 
sition of primary premisses). What one does have is an accurate delineation 
of the main tenets. 

Reflection on the whole of Ibn Sina'e handling of the acquisition of know- 
ledge in the Burhän leaves the impression that all is not well, even when al- 
lowance has been made for the peculiarities of the method of presentation. 
Inconsistencies remain between the discussions in IT: 5 and IV: 10. There 
is no hint in the earlier account that rajriba may be considered a cognitive 
state, nor is this a matter which can be corrected by a simple elaboration. 
Again, thére is no indication in IlI: 5 that ‘experience" has a rôle to play in 
taçauwur, despite the not inconsiderable discussion there of tasawicur and the 
senses. The earlier conceptions of istigra’ and of the tajriba that gencrates 
‘assent” (tasdig) to premisses about ihe physical world {e.g., that ‘the lodestone 
attracts iron’) Ibn Sinä does not revise, and the necessary modifications are 
left implicit. Nor, as was said, does he carry out a frank examination of the 
necessity of the sensory and ‘estimative” preparations for intellection that 
be has described. 

There is a further, more general shortcoming. Avicenna’s analysis really 
amounts to little more than a mere exhausting of logieal possililities, for he 
pays seant attention to conditions which actually may determine {he oceur- 
rence of the processes that he has identified. (This of course is also an obvious 
flaw in Aristotle.) Especially to be noted is the case of tasdig with regard to 
composite universals, where it is unelear which of the two possible routes is 
to be followed in any particular instance whether sensory (including ‘estima- 
tive’) combination of ‘images’ is to give rise to tagawwur of the compound 
intelligible, which is then subject to faÿdig; or whether sensory processes are 
10 lead to tasawiwur of incomposite intelligibles, which are afterwards combined 
intellectually into the compound intelligible. 

From the material that Avicenna does present, however, one is able to 
extract a list of six intellectual processes which he believes operate to acquire 
Silm. The intellect by its nature may, he says: 1) receive unimmattered, in- 
composite intelligibles; 2) pare the ‘images’ of immattered forms and grasp 
the corresponding incomposite intelligibles; 3) receive primary premisses by 
way of abstraction from compounded ‘images’; 4) acquire primary premisses 
through the combination of two intelligibles which it knows directly by in- 
nate disposition (fitra) : 5) gain secondary premisses through tajriba and the 
recognition of certain conjunetions as essential rather than accidental; and 
6) obtain derivative premisses (in what Aristotle designated ‘epistémé", in the 
uarrowest sense) by syllogistie combination of intelligibles. Processes (1) and 
(2) relate solely to taçawwour, the rest to both taçawwur and tasdig; (4) and 
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Khayal to prevent his statements from seriously misleading the reader. The 
explanation was not complete, but neither was it actually wrong, be would 
claim; moreover, he would certainly say that it was the proper and most 
appropriate way to present the material at that stage in the exposition, After 
all, to mention only the most difficult point, the éntentiones are still sensory 
and bodily as compared with the radically different intelligibles. 

The treatment of tajriba and “ilm in the Kitäb al-Burhän is not a wayward 
example; on the contrary, it actually represente Ibn Sinü’s regular manuer 
of handling a difficult subject. No more theoretical armament than necessary 
is brought to bear iu a given situation. Hence it is clear that to glean a theory 
from Ibn Sinä’s explanations where it is not the main subject at hand is a 
very dangerous course indeed, and to find contradictions between such sub. 
sidiary accounts is simply illegitimate. 

But how can the reader know that in [V: 10 he has come to an essentially 
complete portrayal of the rôle of experience in the attainment of knowledge? 
A preliminary answer is that when compared with the presentations in Ill: 
5 and III: 8, at least, this one immediately can be judged preferable simply 
because it is fuller and fits better with the rest of Avicenna’s philosophy. The 
decisive condition which is met here, however, is that the last account finally 
reproduces the entire psychological scheme as it appears in the main analysis 
of the workings of the soul. by which I mean the description of the intellect 
and its subordinate faculties found in the Kirab al-Nafs in the physics jumla 
of the Shifa’, (Conversely, from his knowledge of the Burhän the reader can 
see immediately that the summary of the functions of tajriba in the Kütäb 
al-Nafs, V: 3, reproduced in chapter 11 of the psychological part of the Najà, 
provides nothing more than a glimpse of the subject in a special context and 
should be accorded virtually no weight (see note 10 above).) 

The more delicate question arises whether even in the principal discussion 
of psychological theory certain esoteric doctrines are being suppressed. But 
there must be a discernible motive on the part of Ibn Sinä before the historian 
may allow himself to entertain that suspicion: for example, that the intended 
readers of the treatise are insufficiently advanced or religiously too unenlight- 
ened to understand Ibn Sinä’s real views. In this cuse no such considerations 
seem to apply. Therefore, since the treatment of empirical knowledge in Bur- 
hän IV: 10 is fully compatible with the system expounded in the rest of the 
Shifa’ and, moreover, in the Ishärät and elsewhere it should indeed portray 
his doctrines in a reliable way, This is not to say that one finds here a straight- 
forward, closed, or exhaustive explanation, The actual positions of Avicenn 
have Lo be teased out of the text, which superficially aims to ‘save’ Aristotie's 
opinions, No overt alterations are made to the assertions in IIT: 5, although 
more than one is implied. The embarrassing but essential question of the 
necessity of sensory information and of ‘experience’ is not explored. So even 
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estimative and retentive faculties is a new, intermediate level of cognitive 
objeet, the ma‘äni (intentiones). More abstract and aualytically powerful than 
the sensory images even of the cogitative faculty, they are nonetheless cor- 
poreal and only quasi-universal; so the mafant count ultimately as ‘sensible’, 
not “intelligible, “Experience” (tajriba) results from the aceumulating and 
sorting of the mafäni by the soul, It now transpires, moreover, that mere sen- 
sible forms normally need to be refined into intentiones for intellection to occur, 
Only then are the intelligible species and their relatiouships clearly enough 
‘reflected” (if a neo-Platonie term used in the Aghawiyya may be borrowed) 
that individual human intellects may be stimulated to the grasping of the 
actual inteligibles, This again accords with the Kitab al-Nafs (gv., Bk. 1V, 
ch. 3). 

Let that suffice for ‘experience’ as it is explained in Burhän: IV:10. À 
comparison with certain features of what was said on the same subject in Book 
I will provide a striking illustration of a particularly important characteristic 
of Avicenna’s expository methods, It must be stressed first that Ibn Sinä does 
not intend to describe a different doctrine of the acquisition of knowledge via 
experience in Book IV of the Kitab al-Burhän from what he has done earlier 
on; he has not changed his theory, ner would he admit to being gravely incon- 
sistent in his presentations — despite the fact that it would be difficult to infer a 
rôle for combinative imagination from the earlier accounts and impossible to 
do so for ‘estimation, It js the case, rather, that Avicenna customarily deploys 
ouly as much of his full theory as is absolutely requisite for the immediate 
objective. 

His practice in this respect is partly a matter of instructional method and 
to some degree of mere convenience; it is also a natural correlative of 
his policy of gradual disclosure (in religiously sensitive or highly abstruse 
topics) of a fully ‘esoteric’ doctrine to an incrcasingly restricted audience of 
the philosophically élite. Consequently, the works of Avicenna are fraught with 
diféculties for any one who wishes to learn about his views on some specific 
subject without studying his system as a whole. For the intellectual historian 
the most relevant implication is the obvious one, that an understanding of 
one of Avicenna’s doctrines must always be grounded upon the principal dis- 
eussion of that teaching (if a full treatment exists) and never upon inferences 
drawn from a series of passing mentions. (This restriction supplements two 
others: that one must ignore, for the most part, rhetorical presentations 
whenever a dialectical or demonstrative one exists, and that one must ‘read 
between the lines” in order to recognize places where esoteric doctrines may 
belurking - the latter by n0 means a particularly difficult feat for a reasonably 
experienced and unprejudiced student.) 

In the case of the empirical acquisition of knowledge, Ibn Sinä iu his earlier 
descriptions has depended upon the latitude of meaning in the terms fiss and 
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without intellectual help. (But, Ibn Sinä reminds his readers, what the 1ahm 
discerns is one thing, what the intelleet grasps is another.) This discrimination 
is accomplished, Avicenna says, not by sense-perception proper but specifically 
by estimation, One may iufer that the recognition of natural species is in fact 
an elemental funetion of ‘experience’. 

Like Aristotle, [bn Sinä brings his analysis to a halt when he has identified 
the faculty which acquires abstract and indemonstrable knowledge; any further 
investigation of the means of knowing belongs elsowhere, that is to say in the 
study of psychology. In the Posterior Analytics, sensation and its further 
development via memory and experience seem to have formed a necessary and 
sufficient source for all intelligible knowledge; but to Ibn Sin a sensory foun- 
dation is necessary only in certain areas of enquiry (and for some few people 
not even there), and in no case can it become a sufficient principle for intellec+ 
tion. The incomplete human intellect, in Avicenna’s view, always needs external 
help to possess actual intelligibles. Moreover, the sensory and ‘estimative” 
aids become obstacles to any intellect that has already developed its capacities 
and come to know its way about in the intelligible world, Things relating to 
sense are to be discarded as quickly as possible, Ibn Sinä maintains; depen- 
dence on corporeal faculties can lead one’s soul only to torment in an afterlife 
where bliss is intellectual. 

Tajriba is the final result of sifting and arranging the intentiones, but upon 
the intentiones the light of the Active Intellect must shine if the mind is to 
acquire real knowledge. Although still subject to all the detailed qualifications 
presented before, Avicenna’s final doctrine can be summarized quite simply: 
when something the intellect is supposed to know is displayed before it in 
suitable ‘images’, it does know it, in an intelligible way — for that is its peculiar 
power as an intellect. Of such ‘images’ the most highly developed and directly 
stimulating ones are the sorted maäni, the ordered intentiones that are held 
in the retentive faculty and constitute ‘experience’, Prepared by ‘experience', 
the soul has become ready for its intellectual faculty to be actualized from 
without, ready to grasp the intelligibles in actu through conjunction of its in- 
dividual potential intelleot with the eternally actual Active Intellect. 

This discussion in Burhän IV: 10 provides the last instalment of Ibn Sinds 
explanation of “experience”, Here be correlates the analyses of the eurlier chap- 
ters with the psychological theories of the Küitäb al-Nafs. The previous treat- 
ments are elaborated in such a way as 10 disclose the parts played in the sen- 
sory half of human cognition by two additional ‘active’ faculties, the combina- 
tive imagination (al-mufakkira, the ‘cogitative’ faculty) and the estimative 
faculty (wahm), and by the repository for the products of the 10ahm, the 
retentive or memorative faculty (al-héfiza, al-dhäkira). Associated with the 


33. Burhôn, Caira ed, IV:10, p.392, 11. 5-15. 
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Under the influence of Aristotle’s exposition in Posterior Analytics I]: 
19 (esp. 100a3-9), rajriba bas become in Burhän IV: 10 not merely the 

process similar to ‘a mixture of sensory induction (istigrä) with intellectual 
deduction” that was described in III: 5, but also a cognitive state of the 
soul established by the well-marshalled contents of the retentive faculty. 
Tajriba has been made the nearest possible Avicennian equivalent of Aristotle’s 
empuiria, which ‘develops out of frequently repeated memories of the same 
thing” (100a4-6) and from which origiuate the arts and sciences (the latter 
contention being explained more fully in Metaphysies 1: 1, 980b25-981a12). 

An analogous change should almost certainly be made retrospectively in 
the interpretation of Avicenna’s notion of istigra: although senary in a general 
way it too must beloug primarily to ‘estimation’. Indeed in the light of state- 
ments elsewhere in the Shifa’, especially regarding mathematical examples, 
this is a safe inference and not simply a conjecture.s 

Through the discussion in Burhän IV: 10 the word tajriba” has come to 
denote the resultant state of the soul as well as the process, or family of process- 
es, from which that state arises. Moreover, tajriba now may be described in 
another way, as the settled judgements in the retentive faculty that have been 
obtained through ‘estimation’, and thus ultimately from a sensory basis. 

Having presented his alternative to Aristotle’s explanation of how univer- 
sals, especially the primary premisses, are acquired, Ibn Sinä turns for the 
first time in the chapter to au explicit consideration of Aristotle’s text, to the 
analogy drawa by the ‘First Teacher” between the coming-to-a-stand of a 
universal in the soul and the coming-to-a-stand in their proper battle-forma- 
tion by troops after a rout {Posterior Analytics IL: 19, 100a12-13). Avicenna 
concedes all that he can, but it is not really very much. Knowledge (‘ilm) 
and the intelligible universal form are delineated little by little from sensible 
singulars, he agrees, and when these have been joined together, the soul ac- 
quires upon this basis the universal as such and then discards the sensory 
antecedents, Although the universa ]man is somehow contained in the individ- 
ual man reported by the senses, the notion ‘man’ qua sensible is ‘diluted’”, 
Avicènna says: or, he continues, using a different and favoured metaphor, 
the sensible éman' must be ‘pared’ by the intellect (so as to remove the ‘husks” 
and permit access to the intelligible kernel). Working upward from the sen- 
sibles, however, the wahm, both in higher animals and in man, is able to dis- 
tinguish between individuals of one biological species and those of others 


32. See tho references given où pp. #2-U4 in Shlomo Pines, ‘Philosophy, Mathematics, and the 
Concepts of Space in the Middle Ages”, The Interaction banteen Selenes and Philosophy, Y. Elkana, ed. 
(thutie Highland, New Jersey, 1974), pp. 73-90. The relationship of mathemuticals”, mathemati 
resaniug, and the toahm in Tba Sins system is more complicated than it appears there, however. L 


hope to publish an article on this topie with fall documentation, especially from the Shifä 
teasouably nenr future. 
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demonstrables.® (The function of tajriba in tasowur, it should be noticed, 
emerges here for the first time). 

The analysis is rounded off by Ibn Sina’s statément that the other compos. 
ite universals, ie, those that are not first principles, gain assent (taydig) 
from the intellect either by means of tajriba or by syllogistic demonstration 
through a middle term.” Taÿriba in this case must relate to the extraction 
as intentiones of that which is essential in the sensorily apprehended conjunc- 
tions among things and from which the intelligible relations can be fully ab- 
stracted. In looking back it seems that this is the process that was meant in 
TL: 5, and that scammony's purging of yellow bile and the other examples 
there were instances of this particular utiligation of tajriba. It is made where 
there can be no middle term, yet where the composition of the simple intel. 
ligibles does not in itself necessitate assent. Finally, one may infer that the 
apprehension of middle terms also can involve tajriba in the way just intro- 
duced, or that, instead, it can be purely intellectual. 

The account in Burkän IV: 10 is a disjointed one, even more dispersed in 
the original than here. But, especially when supplemented, as indeed it must 
be, by a reading of the Kitb al- Nas (to which the reader is explicitly referred 
at the end of the chapter), it is a very substantially coherent treatment. Insofar 
as tajriba is concerned, one hes gradually been informed that it assists in 
tasawwur with respect to intelligibles generally and in tasdig with regard to 
primary premisses. Tajriba of this kind is generated from a sorting of the con- 
tents of the retentive faculty, so that the products of the tuakm become almost 
abstract. In creating taydig about secondary premisses concerning the observ. 
able world, tajriba is the most usual meaus and often it appears a necessary 
one. Here again it would be pre-eminently the ma°äni that are involved, although 
Avicenna leaves this as an inference to be made by the reader. ‘Experience’, in 
short, is the ultimate cognitive produet of the sensory level of the soul and is 
wbat the human intelect can use best when seeking the actual intelligibles 
from the Active Intellect, 


30. Burhän, Cuira ed, TV:10, p. 331, 11, 16-20. CF. Post. An, 11:19, 100u3-9, and also Meta 111, 
980b25-981a12. Although in Aristotle's accounts, *memorÿ” is always mnémé, in the Arabic version 
itis sometimes translated by dhikr, sometimes by Hifz. No Arabie MS of Meta. 1 (ie., A): 1 known 
to survive, but the main source for the Arabie text of the Posterior Analÿties, the translation by Ab 
Bishe Matta ibn Yüuus, is extant. The Arabie translation of 100a3-9 (ed. Badawï, op. cit. in note 14 
above, vol. I, pp. 463-464) has both dhikr and hf, dhankes to the rhetorical style fuvoured by the 
laghdad philosophers; the alternative word, mareover, is given as a variant in each cose. Perhaps 
the best reading is indeed that which is most suited to Avicenna's purposes, nis,, tint in which dhükr 
fe connected with sensation and fifz with ‘experience’. The most important phrase is rightly worded, 
ts given in the one - albeit very authoritative - MS used by Badawi 
fadad hiya taÿriba wéhida (many rememberings produce (lit, ‘are') a single ‘ex- 
where ‘rememberings" comes from the root [b-f:7.]). 
sp. 332,11, 1-3, 
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The incomposites are subsequently related to each other with the help 
ofthe active imagination (ie. the cogitative faculty). À commentator on the 
Shifa would like to add here ‘and the help of the wahm; but this does not 
appear iu the text, and it is conceivable that compound intentiones are to be 
obtained only by abstraction from sensible forms joined together in the mufak- 
kira, instead of througb direct combination in the wahm. Whichever be the 
case, Ibn À states that composites then appear among the ma‘äni; and 
when one is produced that the intellect should know without instruction, it 
does know it, and in a fully abetract and intelligible way. Where necessary, 
the intellect tries out ([j-r-b], 11) the new intelligible premiss, in order, it seems. 
10 comprehend it completely. So, Ibn Sinä concludes, taydig often arises from 
the senses by way of tajriba. The torm here may only refer to the “trying out” 
that has just been mentioned: and it must designate the same kind of ‘experi- 
ence’ as that which was discussed in Bouk IL, for at this point Avicenna ac- 
tually draws the reader’s attention to his earlier treatment of tajriba.% 

Specifically as regards first principles, spprehension (tajawwur) occurs 
via sensation, cogitation, and estimation, Ibn Sinä now asserts; through these 
the incomposites are ‘imaged’ and then combined so as to be apprehensible 
qua composed. After being grasped in this way the composites are intelligized 
in essence, and assent {tasdiq) takes place spontaneously with respect to cor- 
rectly related intelligibles — provided that the intellect thus prepared by sen- 
sible forms and intentiones be conjoined to the ‘divine emanation’, 1.e., to the 
Active Intellect. These ‘first principles’ or “first cognitions’, as Avicenna calls 
them here, are what in the Kitb al-Nafs he terms ‘primary intelligibles’ and 
describes as ‘the basic premisses to which assent (taydig) is given without 
being obtained ([k-s-b], VII) [by any process] and without any awareness 
that assent might be withheld”.2° 

Tbn Sinä provides further and very enlightening information in this chapter. 
The retentive faculty, he says, is rcinforced by repeated sensory impressions 
that resemble each other (mahsüsät mutashäbiha mutakarrira) — indirectly 
reinforced, for first (in a necessary step rather confusingly omitted here) the 
toahm must act upon the sensible forms. In the next stage, ‘experience’ (taj- 
riba) is reinforced — nay effected, Ibn Sinä adds, strengthening his assertion — 
by repeated intentiones that resemble each other (mahfüzät mutashäbiha 
mutakarrira), The makfüzät are literally the ‘contents of the retentive faculty', 
but these are, of course, the mafänt or intentiones that have been retained by 
the soul, And then from ‘experience’, Avicenna concludes, the intellect snares 
universals, either incomposite or combined, as objects of appréhension (al- 
mutasawwara) and composite universals as objects of tasdig, if they are 


28. Ibid, p. 881, 11. 7-10. 
29. Kitib al-Nof 
(Anabictext, 


ed cit. in vote 8 above, p. 49; the passage is also contained in the Najät 
in note 10 abave, p.166: in Rahman's Eng tr, cited in the same note, p. 34). 
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in its restricted technical sense, This meaning is explicitly utilized in IV: 
10, where Æhayäl designates the lower, ‘passive’ imagination or ‘representative 
Faculty’, which, as one is told in the Kitab al-Nafs, serves as the memory for 
the synthesized sense-reports assembled by the ‘common sense’ and, when 
required, ‘re-presents" these integrated images for use by other faculties. But 
there is also a higher, ‘active’, combinative imagination, able to divide, recom. 
bine, and manipulate images, and thus ‘imagine’ in the usual modern sense; 
Avicenna calls it the ‘imaginative faculty', (al-mutakhayyila), or, without 
ambiguity, the ‘cogitative’ (mufakkira) faculty. The mufakkira, like the khayäl 
and, as noted earlier on, the aoahm, is fully described only in the Kitab al-Nafs, 
Unlike the estimative faculty, however, the combinative imagination is by 
no means original with Avicenna. Even as early as Aristotle there was a similar 
distinction which was made, namely that between ‘sensory’ and ‘deliberative' 
imagination (e.g., in De Anima II: 10-11; ef. also the analysis in De Me. 
moria et Reminiscentia as a whole), 

The introduction of ‘active imagination’ and ‘estimation’ in Burhän IV: 
10 elaborates the analysis of the acquisition of knowledge into a form coherent 
with the theoretical psychology developed farther on in the Shifa’in the Kit 
al.Nafs. The mufakkira and the 1woahm, while remaining on the sensory side 
of the cleft between sensation and intellection, do help to narrow it; sensory 
and intellective processes never can be continuous with each other in the sys- 
tem constructed by Avicenna, but he is reasonably successful here in his 
attempt to align them with precision in areas where tajriba bas brought them 
close together. 

The fuller descriptions in IV: 10 emphasize a second sort of tasdig, barely 
noticed previously, where the ‘acceptance follows automatically npon the 
“apprehension”, It is this kind of acceptance which Ibn Sinä assigus to first 
principles. By these he means the indemonstrable universal statements that 
serve as axioms for thought in general or for individual sciences, The example 
which he gives herc is the idea that the whole is greater than the part; elsewhere 
he mentions the rule that quantities equal to the same quantity are equal to 
each other and the laws of contradiction and of the excluded middle, 

A full synopsis scems the only satisfactory way to explain the place alloted 
to tajriba in the final scheme. From the contents of sense-perception, Ibn Sin 
says, two kinds of cognizable entities are obtained: the sensible forms, stored 
in the passive imagination, and the intentiones (maäni), extracted by the 
estimative faculty and stored in the retentive faculty. These forms and inten- 
tiones are confirmed, or ‘reinforced”, in modern terms, by further sense-percep- 
tion and estimation. From them are apprehended incomposite universals 
{of entities sensible in essence). 


27. Burhän, Cairo ed., IV:10, pp. 330, L, 17+ 331, 1. 6. 
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premisses by means of experience (tajriba), he adds. But even in these cases, 
where sensation indeed allows one to reach the universal premisses, the actual 
cognizing of them is not by sensory means. 

The carefully delayed attack against Aristotle's position comes at last 
io al-Burhän, TV: 10% — predictably, for this chapter occupies the place cor. 
responding to Posterior Analytics TL: 19. Avicenna, cleurly, must oppose he 
sholly empirical theory of knowledge which there received Aristotle’s most 
lucid exposition.” No mention of this délicate fact falls on the iunocent cars 
of the reader, however; the offending doctrines of the First Teacher are simply 
not indicated. Instead of such argumentation, Ibn Sinä at last provides a full 
if discontinuous summary of his own theory. 

The object of the chapter is indeed the same as that of Aristotle’s: the 
identification of the faculty of the human soul whose business it is to know 
primary premisses without being taught and the discovery of the manner 
in which this faculty becomes operative. For bath men the entity sought is, 
än fact, the intellect: the nous (as ‘intuitive reason’) in the case of Aristotle — 
a faculty immanent and complete in itself, at least in this analysis; and the 
potential intellect (“agl bil-quwna), which is actualized by the external Active 
Intellect, in the case of Avicenna. The most interesting divergence here be- 
tween their doctrines is that which concerns the relationship of knowledge to 
experience. Before these accounts can be compared, however, Avicenna’s 
needs to be studied with some care, the more so as it departs very considerably 
from what might be expected on the basis of Book IL. 

Ibn Sinä now presents an integrated epistemological and psychological 
description of the acquisition of basic premisses, In the apprehension and 
acceptance of these Grst principles, he explains, other faculties assist the intel- 
lect, viz., the external and internal senses, Among the latter this time he names 
the ‘estimative” faculty, whose quasi-universal intentiones he discusses, the 
special memory for the intentiones, and two carefully distinguished imagina- 
tive faculties. 

Whenever Avicenna spoke of imagination in Burhän 11: 5 he used only 
the term hayäP and its derivatives and talked in a way appropriate to khayäl 


25, Burhän, Cairo ed., pp. 130-333, 

26. Post, An. 11:19, 99b20-100b17. This account is complemented by thai in Meta. L:1, 980a27- 
JEla30. 

Aristotle"s ‘empiricism® is, Gnally, a matter of interpretation, but the opposed view must take 
account not merely of these two passages, and the two already discussed by Ibn Sinä in Burhän HIL:5 
and I:8, bot a great many others, all of which are iguored here. The idea that Aristotle believed 
intelligibles to be abstracted from sensory ‘imagings’ by un interual active principle of human intellec- 
don, and to be stored, in potentia, in those images, receives powerful sapport from such texts as De 
Anima TIL:8, 432a 7-10, LIT: 7, 431a 14-20 and b2-19, and 111; 8, 432a3-14, and Do Mem. et Rem., 1, 
49b30-450a 14, Avicenna deals with these in connection with other issues, moinly in the Kitäb al- 
Nofs, and invariably dismisses any interpretation af Aristotle’s epistemology that mukes it empirical. 
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and its greatest importance lies in natural philosophy and in such related arts 
as medicine. Indeed, Avicennas examples in this chapter are of physical eau. 
sation, for instance, that ‘the lodestone attracts iron’ or that ‘scammony purges 
yellow bile”.# 

Ibn Sinñ has gone some way towards saving the letter of Aristotle’s dictum 
that deprivation of sensation produces a deprivation of knowledge.# With a 
few exceptions (which are not mentioncd here), people usually need sensory 
information to permit intellectual apprehension of species of existent things 
that are sensible in essence, They may need observations of sense to 
remind them of intelligible premisses not thoroughly acqnired previously, 
Most significantly humans usually require repeated observation of natural 
things to produce ‘empirical’ laws, such as ‘the lodestone attracte iron”. 

The greater part of the necessary technical analysis has just been presented 
in connection with Avicenna’s first discussion of knowledge and experience. 
His second account of these matters, in Magäla LL, fasl 8 of al-Burhän need 
only be touched upon. Let one point alone be stressed: in this chapter Ibn 
Sinä is able to postpone the inevitable confrontation of Aristotle’s views only 
by a deliberate but rather ingenious misinterpretation of what is said in the 
parallel chapter (1: 31) of the Posterior Analytics. There Aristotle talks of the 
effects produced by a lack of sensory data (lterally, ‘a failure of sense-percep- 
tion”, bnt the context is unosually limpid): Ibn Sinä chooses to understand 
this as concerning the effects of an ‘incapacity of sense to penetrate’, for which 
there is no textual basis, Greek or Arabic.# Avicenna thereby allows himself 
ta cover, rather more quickly, much of the same ground already traversed in 
chapter 5. 

It is the concern of the intellect, he states, to devise from repeated par- 
ticulars an intelligible abstract universal (kulliyy mujarrad ma‘ql), an 
intelligible meaning to which sense has no access. Thus, for example, neither 
can oné sense every eclipse nor can one sense any eclipse universally, Insteud, 
Avicenna tells the reader once again, the intellect obtains the abstract univer- 
sal by the light from a divine emanation. The intellect often ‘snares’ universal 


21. Ibid, p. 224, 1.2, The famous ‘empirical method! (regarding tbe use of compound medicines) 
in Ibn Sina's Canon of Medicine { Al-Qänün fil: Tibh is indeed ‘empirical" in this sense. The discuss 
there holds victually nothing of epistemologieal aterest, however, and nothiug at all for psychologieal 
theory. (See Canon I1:1.2 and .3; Arabie text, Cairo (Büläq), A. 1294 (1U77), Vol. 1, pp. 224-231. 
Agni: que finds the example of searmony.) 

22. See Burhän, Cairo ed., p. 224, 1. 11, where Avicenna ends his diseussion by saying, ‘Therefure, 
everyone deprived of a certain [amount of] sensation is deprived in respect of a certain [umount of] 
knowledge, even though sensation is not [itself] knowledge", Cf. note 12, above. 

23. Tbid., pp. 249, 1, 11 - 250, L. 10, esp. p. 260, 1), 1-6, 

24. The ‘mirunderstanding" of Aristotle here is thoroughly treated in “Afifi'a introduction, id 
pp. 3940. The crucial line comes at Post, An, 1: 41, 88a 11-12: in Mattä's Arabie translation, the 
phrase is fagdu't-hiss (ed. CAbdul'-Rabmän Badawi, ia Manfig Aris{ñ, vol, II (Cuiro, 1949), p. 498). 
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Although this degree of distortion in the use made of the inherited technical 
vocabulary by Ibn Sinä is rare, it should be emphasized that the method as 
such is standard with him, and perhaps not much less so with Aristotle and 
most ancient and medieval philosophers, The philosophical and scientific 
usages of a term are analysed, and a meaning is then adopted which in part 
‘saves’ the earlier ones but also reinterprets and refocuscs them, 80 that the 
significance of the word is shifted and may be greatly distorted. (Perhaps the 
most amusing example in Ibn Sinä is his blithe equation of the Galenists' terms 
for the higher psychological faculties with his own not dissimilar names, when 
he knows full well that his psychological schema is radically different from 
theirs and thoroughly anti-Galenistie. Many medieval and modern physicians 
and scholars have thus been misled. Similar remarks might possibly be made 
about his use of the language of the sais in the Ishärät). Potential con- 
verts to an unfamiliar intellectual position are to be won over, Avicenna’s 
writings reveal, by the use of a familiar language which contains some suitably 
reinterpreted terminology. 

Only the means designated as ‘taÿriba’, which, however, is the most impor- 
tant and interesting of the ways through which sensation can contribute to 
tasdig, now remains to be treated in Burhän LIL: 5. In discussions relating 
to cognition, “tajriba’, like ‘empeiria”, means ‘experiencing”, ‘gaining or having 
experience of” or + . . acquaintance with’ or #. . practice in, with a connotation 
of‘testing' or ‘trying out’ in the case of tajriba. Avicenna here describes tajriba 
simply as having in it ‘a mixture of sensory “induction” (istigra Hissi) with 
intellectual deduction (giyäs “agli).® Aristotle's ‘empeiria seems to have 
been a hexis, a ‘developed state” of the soul, but Avicenna’s ‘tajriba’ looks at 
this point to be a process; on this, more below. In any event, tajriba is a judg- 
ing through many particular examples that there exists a constant relationship 
between two universals such that a certain premiss asserted of them may be 
given assent. Ît seems reasonable to infer from Ibn Sinä's abbreviated explana- 
tion that individual happenings gradually limn a universal, the representation 
of which is then completed by examining (or testing’ ?) further instances. One 
is actually told only that after sense-reports of often-repeated happenings of 
the same specific sort have been received, the intelleet judges that the con- 
junctions involved are essential (dhaäti), not coincidental {ütifäqi), because 
“coincidence does not persist’. So the intellect is able to abstract what is in 
essence from what is by accident after a sufficient amount of ‘experience? 
In this manner tajriba will generate taydig, according to the present account, 
and ‘experience’ will actually bring to pass ([w-q-"], 11) in human minds proper 
universal cognitions. 

“Experience” necessarily is concerned only in things accessible to sense, 


223, 1, 16-224, L 5. 
1, p. 224,11. 6-7; ef. p. 223, 1. 16. 
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it is not linked with tajriba. Indeed the sifting process is not granted a name, 
nor in this chapter are its products given any special designation. 

When he turns to taydig, Ibn Sinà finds not one but four ways through 
which sensation can contribute.i® The first is “by accident’ (bil-Saräd) where 
appréhension (rasaiciur) of one or more of the simple universals has been 
achieved with the help of the senses in the manner already explained, and 
the intelligibles have then been combined directly. Tasdig is ere an immediate 
result of the ‘light’ of the Active Intellect; in Avicenna’s words, this kind of 
intellectual assent oceurs only ‘through conjunetion (itisäl) of the [buman] 
intellect with the light (nr) from the Creator emanated upon souls and 
nature, wbich is called the Active Intelleet (agl fa®*äl) and which is the agent 
that leads the [human] potential intellect ont into act’? It must be noted 
that the ight’ is only ultimately, not immediately, ‘from the Creator”, and 
that ‘the Creator designates the One or the Necessary Being of the philoso- 
phers, not the creator-God of the Qur'än and the Bible. 

The second way of reaching tasdig from sensory starting points is the ‘par- 
ticular syllogism® (giyäs jus’). By this phrase Avicenna means a predicating 
about some natural species of something already known to be predicable of 
its proximate genus, through having apprehended by sense individuals which 
beloug ta that species (and a fortiori to the genus). 

In the third place comes ‘induction’ {istigra’), a term which usually stood 
for the Greck word ‘epagoge’. Whereas Aristotle meant by epagogé an advan- 
cing from all available individual instances to a universal judgement, Ibn 
Sin perversely chooses to denote by istigra” a process in which the attention 
of the intellect is merely drawn to a relationship among universals by one or 
mors perceptible examples of it, whether this be in the first instance or later 
où as à remiuder, The intellect becomes aware of believing the intelligible 
relationship, but the ‘induction’ itself does not create that belief. By means 
of istigra” sense is only able to occasion the acceptance of premisses, and that 
almost trivially. 

For Aviconna, of course, the inductive leap in the usual sense is ontological 
as well as logical, so a metaphorical understanding of epagôg® is the best that 
can be expected. Even so, his interpretation of istigrd certainly must be 
called guileful, for it does not preserve the meaning that a reader of works of 
Jalsafa is justified in expecting. Its principal merit may be to obviate a later 
explanation of Aristotle’s doctrine (100b3-5 in Posterior Analytics Il: 19) 
that ‘the method even by which sensation implants the universal in us is 
inductive’. 


16. Burhôn, Cairo ed. 111:5, pp: 222, 1. 17-224, 1, 10, 

17. Ibid. p. 223, 11. 34 

18. Jbid., 11, 11:15, contains the description of istigrd”. Perhups it is meant ae à gesture towards 
Plato's anamnésis - the main acconnt, in the Phacdo, should have been known to Tha Stnä. 
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are either received completely and correctly by the rational faculty, since 
they are its proper objects, or are not received. When the simple intelligibles 
have been combined, connected, that is, in such a way as to be expressible 
in syllogistic premisses, the resulting composites may be either tre or false; 
so beyond simply apprehendiug their intelligible content the mind must judge 
whether they are right, must gain conviction about their truth or fa 
The second stage, the accepting of the composite intelligible or premiss, Ibn 
Sinä calls tasdig. This word was regularly used by Arab translators to render 
Aristotles pistis, which was something logically different, being the confidence 
or conviction associated with the intellectual assent to a premiss, Nonetheless 
the usage of rasdig employed by Ibn Sinä and the distinction between taçaurour 
and taydig are standard in Islamic philosophy. The ideas of taçaowur and 
taçdiq and their relation to simple and composite objects of thought seem to 
depend ultimately on Aristotle’s remarks about the subject, for example 
in Metaphysics IX :10 and in De Anima III: 6, although there are perhaps also 
Stoic influences. 

The accounts of the acquisition of knowledge given by Aristotle in Pos- 
terior Analyties IL: 19 and Metaphysics 1: 1 did not make full and consistent 
use of this analysis. Avicenna, however, is obliged by hindsight to do so. In 
the Posterior Analytics Aristotle was writing about the starting-points for 
episteme, so he should have concerned himself with the grasping of first premiss- 
es; but his description seems really to apply only to the separate universals 
contained in those premisses. In particular, empeiria emerges as the cognitive 
condition which results from the sifting and ordering of repeated evidence 
of the senses and which permits the rise of universal concepts in the soul. But 
in the discussion in the Metaphysics Aristotle clearly referred to composites 
and made empeiria the immediate source of the premisses in the arts and 
sciences, 

So Avicenna has a good deal of room in which to manoeuvre, even if he 
wishés to be purely Peripatetic, His first move in Burhän IT: 5, as was noted, 
is explicitly to restrict the possible range of empirical cognition to objects 
that are sensible of essence. He then separates his analysis of tasawwur from 
that of tasdig, and for the present, limits his discussion of the function of 
tajriba (ie, ‘empoiria’) to the second stage of the acquiring of intelligible 
premisses, to tasdig. 

The sorting of the sensory contents of the soul in preparation for the tasaro- 
wur of incomposite universals remains more or less as it was in Aristotle, but 


15, The standard examination of this topic, no longer completely satisfactory, is Harry Austryn 
Wolfson, “The Terms Tosouour and Taydig in Arabic Philosophy, and theie Greck, Latin, und Hebrew 
Equivalents", Thu Moslem World 33 (1943), pp. 1-15, repr. in Harry Austryn Wolson, Studies in the 
History of Philosophy ond Religion, vol. 1, ed. L Twersky and G.H, Williams (Cambridge, Mass., 1973), 
pr.474-402. (See aiso Josef Van Ess, Die Erkmntnisichre des Adudaddin al-Je (Wiesbaden, 1966), 

assim, and Febmi Jadanne, l'influence du Stoïcisme sur la pensée musulmane (Beirut 
1968; Racherches.…. de L'Institut de Lettres Orientales de Beyrouth, séx, 1, &. 41) pp. 106-113, possim. 
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truly can be said to attain to knowledge, And indeed, despite his lengthy 
discussion of the help provided by the senses, Tbn Sinä does not deviate from 
this position even here in Burhan II: 5. Were he forced to summarize what 
he has actually asserted in this discussion he would be unable to save Aristotle”s 
doctrine, He could come no eloser than to claim that for people other than 
prophets and the best philosophers, sensation provides support that is 
widely necessary a an aid for intellection when they are Grst acquiring certain 
branches of learning, and that lack of sensation under those conditions does 
mean à loss of knowledge. 

A résumé of Avicenna's description in this chapter of the psychological 
processes used in gaining knowledge of the temporal world will facilitate the 
tracing out of the developments that occur in his next two accounts. That 
the sensible and intelligible natures in things are distinct is his starting-point 
here: sense does not encounter the nature of man, for example, qua general- 
izable (al-insän al-mushtarak fihi). The man” apprehended in the human 
intellect through the essential definition (hadd) has been abstracted ( [j- 
r-d], 11) from all the accompaniments and individualizations of material exis- 
tents, and qua abstract it is no object of sense. What the external senses do 
is merely to take up the sensible form and déliver it to the representative 
faculty (khayal), i.e., to the sensory memory, where it becomes subject to 
operations superintended by the individual potential intellect. The intellect 
causes the images to be compared and, noting what is different, abstracts 
that which is common; thus it pares away the accidents and obtains the in. 
telligible essence — but not from the images themselves.t 

Às Ibn Sinä explains in many places, but not in this passage, the potential 
intellect after being thus prepared acquires the intelligible from a separate 
and eternal intellect-in-act, the Active Intellect, indeed, which has already 
been described. Nor can the human intellect store the universal thus gained; 
it is able only to increase the degree and range of its receptivity and remember 
where to ‘look’ for intelligibles previously possessed. 

Up to this point Avicenna has been dealing with the appréhension (taçau- 
tour) of incomposite universals, which the mind either grasps or does not, 
wbich, in other words, are not true or false in themselves but in every case 


18, Toyausour of the incomposite intelligibles is primarily by way of the Hadd: see Shifé 
7, and À, passim, and çf. IUT: 8. (The best text of Avicenna’s Metaphysics is in the Shifd', Caire 


Sulaymän Dunyä, and Safid Zà'id (Cairo, 1960). The add 
the abstract, intelligible nature {hagiqu } of an infima species, which is also present in each individual 
of tbe given species and comes 10 it from the Active Intellect as dator formarum (ef. Hähiyyät D 
passim), The hadd when expressed as the formulable essence of a species becomes its essential definie 
tion, stil called the ‘hadd' (now strictly = Gk. hors or horismos). This idea of the rôles of the 
badd is a comparatively obvious extension of Aristotelian teaching; eft, especially, Meta, VII: 4 
1030a 2-17. 
14, Burhän, Gaïro ed,, 1UT:S, pp. 220, 1, 8-229, 1, 16. 
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or used in imagination, are derived from sensations, Ibn Sinä tells his readers, 
and with such images the buman intellective faculty can act in such a way as 
to acquire incomposite universals. These it can then joiu together into defini- 
tions, premisses, and syllogisms. Sensation in this way is a principle for the 
appréhension (taçawwur) of intelligible universals, but only by accident (bil- 
Sara), not in essence (bil-dhät). In the sciences concerned with things that 
have corporeal existence, and are thereby sensible of essenco, that same divi- 
sion of function between sensory and intellective processes is to be found also 
in the acquiring of primary premisses, i.e., those from which demonstration 
has its start; sensation plays a part in the recognizing of Grst premisses (pro- 
vided they relate to things sensible) as well as in apprehending the universal 
terms they contain and the subsequent middle terms that are needed to con- 
struct the démonstrations, In other words, the products of sense-perception 
are a source for the objects of nous, in the narrower Aristotelian sense of “direct 
intellectual grasping, whether they be incomposite or composite, Sensorÿ 
processes may also be employed. it turns out, in testing derivative premisses, 
empirically. 

But sensation will ultimately be allowed only 45 a basis, and often a dis- 
pensable one, for acquiring the genuine universals. Even in this early chapter 
one discovers that things which in their existence are sufficiently unconnected 
with matter as to be intelligible in essence cannot be apprehended from any 
sort of sensory foundation, Some few persons, moreover, have strong enough 
intellectual faculties, Avicenna maintains, that they can attract all or most 
intelligibles without recourse to information from the senses: other persons 
less gifted but still intellectually able can develop their intellects to a level 
where reference to sense-data and imaginings becomes unnecessary. These 
doctrines, which are not developed in the Burhän, appear in the Kitéb al- 
Nafs and elsewhere; furthermore, it is safe to infer from discuesions in the 
Kitäb al-Nafs and the Iaähiyyat that all persons can obtain at least a few of 
the universals that relate to the natural world without any recourse to the 
senses or to imagination, Since, finally, it is only the intellect, when com- 
plemented from without, that can grasp the pure universals, only the intellect 


remark by A: about a lose of sensation, Post. An. 1: 18, 8la 30-40, is repeated by Avicenna 
At ge 120, 11, 627. in ie present ehapter (and: p.224, LD). 
alto “Afis description of the correspontences between Avicenna's and Arktots'à ex, pp, 

36-37 in his very useful introduction to this work. 

(At Da Anima T1: %, 432a 7-10, and De Mem. et Rem., 1, 499b 31 segg., Aristoile makes 
a élted clim that one perceives nothing though the senses, one is incapable of learning any 

ing). 

la, That in principle every corporeal aid to humun intellectual cognition is dispensable is nome 
thing. Avicenna seema never to assert outright; it i necessary La study all the possibilitien one by one 
Lo extraet this generalization, which remains provisional, even though any exceptions will have to have 
A narrow rungo. See, int, al., in the Shifä', al-Hähiyyôt 111: 8 and IX: 7 and Kitàb al-Nafs V: 3 (with 
tre) and V: 5 and 6, ns well as some relevant passages in Al-Risäla al-Agawiyya, Note especially 
Kitib al-Nafs V: 6, pp. 248-250, ed, cit. in note À above; English translation in Rabman, tr., op. cit, 
in note 10 above, pp. 33-47 (— pp. 166-164 of the Arabic texe of the Najat, ed. cit. in the same note). 
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cognizable objects that are more abstract and less immattered, quasi-universals 
like the lower kind of things that are now called ‘intuitions’. These products 
of the wahm, which Ibn Sinä designates mafäni, are perhaps best referred 10 
by the Scholastic term ‘intentions’. À stock example is the intuition of *enmity” 
that a sheep forms about wolves; although post-sensational, it is not com- 
pletély abstract, not ‘intelligible”% For a person, intentiones are the final and 
most abstract result of his apprehension of the sensory world. They provide 
the nearest Avicennian equivalent to what Aristotle called ‘empeiria’ when 
he spoke of ‘experience’ arising from repeated memories of the same thing 
(ef. Meraphysies T: 1, 980b 25-981a12, and Posterior Analytics 1T:19, 100a3-9). 
These intentiones can show a person’s intellect where to ‘look’ in the intelligible 
world for the true universals - the concepts and ideas contained in the inde- 
monstrable first prémisses and subsequent middle terms which build up the 
demonstrative sciences. But knowledge as such arises solely through intellec- 
tion: through grasping the intelligibles, which emanate into human minds 
only from the separate Active Intellect, in which also they are stored. In this 
way Ibn Sinä has found a rôle for the senses and for experience in reaching 
knowledge, but knowledge itself has been kept absolutely intellectual and 
incorporeal, essentially independent of sensation and everything bodily. 

The main account of this borderland between psychological theory and 
epistemology comes, as one would expect, in that book in the logical jumla 
of the Shifa’ which corresponds to Aristotle's Posterior Analytics, viz., the 
[Kitäb al-] Burhan. As might also be anticipated, the treatment is not straight- 
forward. One must look at three fairly widely separated chapters, III: 5, 
TI: 8, and IV: 10, and cope with a lack of candour concerning Aristotle’s 
viows that ranges from mild deviousness to intentional and uublushing misrep- 
resentation. One is taught a grent deal, however, about how Ibn Sinä expounds 
and develops his ideas - a sobering and cautionary experience for anyone 
tempted to use the obiter dicta of Avicenna as a basis for construing his doctrines. 

In his first discussion, the one in [Kitäb] al-Burhän IL: 5, Avicenna con- 
structs an interpretation of the subject-matter of Posterior Analytics 1:18 and 
tries to show that loss of sensation results in loss of knowledge, as Aristotle 
there has clearly stated.#* Images in the soul, including those stored in memory 


11. The main treatment of the tram is located in the Kitdb al-Nafs of the Shifä”, Bk. IV, chs 

in note 8 above, pp. 163-169 and 182-194); other discussions ure to be found ia [: 5, 
TI: 8, and the last part of V: 6 (esp. pp. 45-46, 153-154, und 244-246), The connection with tajriba is 
mentioned in IV: 3, pp. 182-18: 

The Najät again preves émentary but helpful summary of the doctrines. See Raman, tr, 
@p. cit. in noté 10 above, pp. 40-31 in ch. 3 and pp. 49-40 in ch. 7 (but iguore the commentary, which 
ere no longer stands up well). 

12, Shifä”, Cairo ed, Al-Mantig, 8: al-Burhôn, crit. ed. and introd. by Abu‘l-FAIä' EAS (Cairo 1956) 
Chereafter, *Burhän, Caro ed}; Mogdla TI, fast $, pp. 220-227, Only pp. 220-224, 1. 11 are relevant 
here, Aristotle is not mentioned by name: Ibn Sin merely writes ‘qila has been said. . The 
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eternal world that is grasped by the intellect. (In this, of course, Ibn Sinä 
follows an ancient Greek intellectual tradition that goes back at least to Par- 
meuides). These realms never overlap, and they meet only in the human 
species, in each individual soul. There, the lower world rises as far as sense- 
perceptions {mahsüsät) and ‘estimative” intentiones (see below), and the intel- 
ligible world reaches down to the potential intelleet, which it renders actual. 
Sensibles (maksüsät) - sensory information of any kind — do not contain, and 
sensation cannot grasp, any true universals (kulliyyat). Consequently, Ibn 
Sinä may not allow any genuinely empirical theory of the acquisition of know- 
ledge: in the end, authentic knowledge (“ilm) can be attained by a human 
being only through his externally actualized intellect (Cagl).2° 

Induction (istigrd”: translates Greek epagüge), in particular, is strictly if 
disingenuously proscribed as a generative source of knowledge. But when it 
comes 10 empeiria (rendered in the Arabic texts as tajriba), Avicenna equivo- 
cates, for he is anxious to save Aristotle’s all-too-unambiguous presentations 
of the empirical basis of knowledge in Metaphysies 1: 1 and, especially, in 
Posterior Analytics IL: 19. Experience, Ibn Sinä decides, can lead to knowledge; 
and, tortured also by Aristotle’s plain speaking in Posterior Analytics 1: 18, 
he even grants that sensation may be regarded as a principle of knowledge - 
but, the reader can infer, not as a strictly essential (dhâti) principle nor by 
any means as a sufficient one. 

The connection between fajriba and “ilm is eventually explained in 
terms of two faculties that seem to be among Ibn Sinä’s own contributions 
to the analysis of the soul, the ‘estimative’ faculty (ivahm, qui wahmiyya) 
and the ‘storehouse or special memory associated with it, which is called 
the retentive, or memorative, faculty (käfiza; dhäkira). From the sensible 
images contained in the soul, whether they are simply remembered or have 
been separated and recombined in imagination, the estimative faculty forms 


10. Besides the main reference given on p. 52, above, see also the preli 
al.Nofs, Bk. T, ch. 1 (last third); IV: 2 (passim), V: 1 (second half), and V: 2 (passim) (vd. cit. in note 
# above, pp. 12-16; 163-169; 204-200; and 209-221). Short discussions pertinent to the question of 
ajriba and Sülm, both suhordinate to the maia accounts in the [Kit4b] al- Burhän (for wbich see below), 
appearin BK. 1, ch 2, of the Kib al-Nafs and in V: 3 (ed. cit, pp. 60-61 und 221-222), 

An incomplete presentation of the psychologieal theory of the uequisition of knowledge is ta be 
found in the Vajät: see F. Rahman, tr., Avicenna's Psychology: An English Translation of Kütäb ol. 
Nojäf … (London, 1952), es, 5, 7, and 11, pp. 33-35, 40, and 55 (corresponding to pp. 165-166, 170- 
V1, and 18 of the second edition (Cairo, 1938) of the Arabic text); for fajriba, see eup. p. 55. 

Chapter 16 of this part of the Najät (Raman, tr, pp. 68-69; Arabie text, ed. cit., pp. 102-193) is 
#ho relevant, although unlike the other chapters mentioned it bas not aetually been excerpted from 
te Shif. The full doctrine is simplified here by omitting the rôle of ‘estimation"; compare the rerarks 
Lelow on Ibn Sinä*s similar proceduro in the [Kitdb] al-Eurhän, 

Persons uufamiliar with the area of thought to which Tba Sinà's psychology belongs may be helped 
by the rather advanced introduction to be had in Herbert À. Davidson's *Alfarabi and Avicenua on the 
Active Intellect", Piater 4(1972), 109-178. 
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In the present instance, Avicenna’s elaboration of the Aristotelian view 
has required two entities from without, instead of only one, to complete each 
human soul, Aristotle's ambiguities were more economically resolved by 
Alexander of Aphrodisias and by Themistius, and will be so done again by 
Averroës. But these departures from Axistotle permit Ibn Sinä 10 save his 
non-Peripatetie conceptions of immortality and of intellection. It is not too 
strong to say that bis own peculiar idea of personal salvation determines the 
nature of his solution to the problem of abstract (i.e., intellectual) thought 
and, derivatively, to the ensouling of the embryo. 

The main difficulty that Avicenna has to face is accounting for the individ- 
uation of an intellect; nor does he ever satisfactorily explain it. His approach 
to the question depends upon the materially individuated potential intellect, 
which is not problematical in this respect, He attaches the potential intellect 
to, or identifies it with, a person’s rational soul, which he has made the ‘intel 
lect that enters the embryo ‘from without’, But the continuing individuality of 
the potential intellect when conjoïned to the Active Intellect is left unexplained. 
Qua individual, an intellect must be attached to a body and therefore 
be mortal; qua actual and eternal it should not be individual. (Whether certain 
aspects of the rational soul as presented by Ibn Sin justify recent talk of an 
“ego'-concept, or something similar, in his psychology, and whether, if s0, 
that would help solve the problem of individual intellects is a question that 
I shall take up briefly at the end of the paper.) Ibn Sinä’s aim, in any event. 
is to justify a scheme whercby the individual potential intellect perfects itself 
by continually rising to the grade of ‘acquired intellect” and receiving actual 
intelligibles from the separate Active Intellect, so that it can function contin- 
uously and in actu after the body has died. The Active Intellect, moreover, 
with its eternal, actually intelligible contents, remains in Avicenna’s program 
safely outside the corruptible human realm. 

But however pleasant this knitting together of psychological, embryologi- 
cal, and soteriological doctrines may be,® it is only byplay to the main philo- 
sopbical drama that derives from Ibn Sinä’s conception of immortality. The 
ventre of the action lies in his metaphysics: in epistemology first and then, 
without resolution, in ontology. 

By way of preface to the second, epistemological example of the influence 
of Ibn Sinä's psychological theories, it is necessary 10 emphasize the radical 
distinction in Avicennian metaphysies between the corporeal and corruptible 
world that is apprehended by the senses and the higher, immaterial, and 


9, Of course the synthesie is not pleasing insofar a it multiplies entities, A tou often Avicenas 
#ystématires by merely adding théories together; however well he finishes the joins his thought never 
a perfectly unitary structure, for he attempts to incorporate 106 much. 
will become evident, a great denl of his conciliatory discourse is aimed at diaurmiog 
criticism of what is actually rigorous and proper system-building on His part. 
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In Avicenna’s /ayarwan it is the rational soul that corresponds to Aristotle’s 
intellect ‘from without’, and this is the human intellectual faculty as such, 
the undeveloped capacity for receiving intelligibles. For Aristotle, however, 
one may reasonably conclude that the intellect ‘from without’ was of the 
self-sufficient kind which seems to have been implied by his description in 
Posterior Analytics IL: 19 of how universals are acquired, and which therefore 
must include both the passive and active intellectual faculties that have s0 
tantalized the interpreters of De Anima 1]: 5. But howsoever one chooses 
to resolve the ambiguities of Aristotle, there are none left here in the Shifa’. 
The intelleet From without’ of the De Generatione Animalium has become the 
rational soul, which is an intellect in potentia (bl-quwwa) (and which oigi- 
nates from the Active Intellect, in this entity's rôle as dator formarum; cf. 
al-Shifa, al-Hähiyyät IX: 5). On the other hand, the active human intellect, 
in accordance with an exegetical tradition descending from Alexander of 
Aphrodisias (fl early 3rd cent. A.D.), has been made external and is, indeed, 
one aspect of the Active Intellect, The human intellect-in-act, however, is now 
interpretcd as the individuals ‘acquired intellect', produced through the 
“llomination” of his passive intellectual faculty by the true Active Intellect; 
it has thus become the mere effect of another action ‘from without’, à collection 
ofintelligibles lent from above. In whatever way Aristotle is to be understood, 
itis quite certain that he wished to have only one entity from without involved 
in the human soul; but Avicenna, with Muslim largesse, has given us two. 

There is no excuse for considering this a mistake on the part of Ibn Sinä. 
He is not explicating the texts of Aristotle, but is expounding a consistent 
philosophy of his own within the general confines of Islamic Peripateticism. 
That one may speak of a correspondence between chapters of the Shifa” and 
chapters of Aristotle’s works only réflects the fact that the Shifa” is an encyclo- 
paedie work covering the whole of Greek philosophy (in the first, second, and 
fourth jumlät) and the mathematical sciences (in the third jumla), whose 
hasie order of exposition in logie, natural philosophy, and (to some extent) 
metaphysics follows the standard Arabic arrangement of the Aristotelian 
corpus. (Material equivalent to certain other works, such as Porphyry’s Eisa- 
goge, is added in; and in the Meraphysies (al-Hähiyyät) are included varions 
further topies, owed mainly to al-Faräbï, that are ethical, political, or reli- 
gious in nature and replace the ‘theoretical’ content of the standard texts 
in ethics and politics (of which Aristotle's Nicomachean Ethics and Plato’s 
Republic are the most important). Ît may be assumed that the Shif& is intend- 
ed to be read by serious students in place of the books by the Greek authors). 
Consequently, the Shifa' often takes over the structure of Aristotle’s writings, 
sometimes down even to the sequence of thought within individuel paragraphs. 
But its views are as independent of Aristotle’s teachings as Ibn Sinà feele 
to be desirable. The next example will make this assertion more obvious still. 
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First, however, the biological matters. What specific changes does Avicen- 
nas theory of immortality generate in Peripatetie teachings about the ensoul- 
ment of the human embryo ? The problem is set by Aristotle’s notorious dis. 
eussion in De Generatione Animalium 11: 3, where he speaks of the intellect 
(nous) ‘from without’ (thurathen). bn Sinä’s treatment comes in the Shifa', 
al-Hayawän XVI: 1: his account at the start follows Aristotle, but it ends 
with a notable addition. 

The vegetative level of the soul, which oversces the development and 
growth of the embryo, is received with the semen of the father, Ibn Sinä 
asserts; and in the semen there is also something which is ‘prepared to receive 
the connection {Saläqa) with the soul’, vir., the (vital) beat, which is not fiery 
like elemental fire but is analogous, rather, to the heat which emanates (yafidu) 
from the heavenly bodies and is ultimatelÿ related to their substance (jan. 
har). So far, reasonably orthodox Aristotelianism. Also, Avicenna says, 
when the heart and the brain have come to exist in the embryo, the sensitive 
(hissiyya) soul emanates {tafïdu) from the vegetative, and the rational (nuf- 
giyya) soul becomes attached to it (to the vegetative organism, apparently, 
at the same time as the sensitive soul is produced). Still Aristotelian, although 
everything bas been consolidated in such a way as to permit the highly ten- 
dentious constructions which now follow. The rational soul, Avicenna contin- 
ues, is different from the other two levels and has nothing do to with matter 
as a substrate: but the soul (qua rational) is not yet effective (“amila), being 
like that of the drunk or the epileptic. It is completed ([k-m-1], X) only by 
something external, when, in the person’e childhood, that entity first assists 
the intellect (‘agl) (ie, enables it actually to think).' 

The last statement may be made more explicit by reference to the Shifa”. 
Kitäb al-Nafs, especially V: 5 and 6, The rational soul which enters the embryo 
has but the bare potentiality for intellection, the grade of intellect that [bn 
Sinä calls ‘material’ (hayäläni). This potentiality becomes actualized, becomes 
truly an intellect, by receiving intelligibles as such from the separate and 
eternally actual Active Intellect (fagl faal), the lowest of the celestial intel- 
lects. The grade of its potentiality increases by degrees, but the rational soul 
attains the intelleet in actu (bÿl-fi‘l) only when it is ‘borrowing?, or ‘has ac- 
quired”, actual intelligibles from the Active Intelleet. It then possesses a true 
intellect, called the ‘acquired” (mustafad), which is correctly the second entity 
referred to above, the intellect which ‘completes’ or tperfects' the rational soul! 


qu 5s; De Sins MSN 


-chief Tbrähim Madkir (Gairo, 1952-  ), hereafter referred to as 
y 8: al-Hayawän [more property, FF Taba'i° al-Hayauën], ed. “Abddl- 
ad 2454, and ‘Abdullah Lemé “il (Cairo, 1970), Magälà 16, fast À 
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through the intellect and its subridiary facnlties: 
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ke‘), and, in some arcas, from vritings in the Galenie tradition, Specifically, 
Ibn Sinas psychology in both approach and content was principally Aristotel- 
ian. There had been incorporated within it, however, certain insights that 
belonged ultimately to Plotinian philosophy: and there had also been accom- 
plished the more difficult and less precedented task of transplanting into it 
certain ‘religious” conceptions, Muslim in Avicenna’s own eyes but scarcely 
so in most others. 

Ibn Sinä's idiosyneratie notion of individual immortality required an 
dlaborate and painstaking integration into his philosophy, into psychological 
theory first and then into related areas throughout the system. Biology, epis- 
temology, ontology, ethics, and political science, each and all needed to be 
modified. The idea itself which Ibn Sinä had formed of personal salvation 
was simply that an individuals intelleet could be developed during the person’s 
lifetime to the point that it would survive the death of his body and become 
a part, still self-identical, of a celestial intellect.! Thus a human being of sound 
mind would have as his chief task in life the full actualization of his mental 
tapacities, so that deprivation of his senses, bis imagination, and his estimative 
faculty would leave him still able to think. An intellect fully developed in 
this way would not perish with the body, and the person’ resurrection (ma‘äd) 
into paradise would amount to entering a self-conscious but bodyless state 
of eternal intellection-in-act. One would have reached the intelligible world 
contained in the lowest of the celestial intellects. This explanation was Avicen- 
nas own, although it bad something of the spirit of Plotinus and of al-Faräbr. 
It was thoroughly non-Aristotelian, and thus proved to be anathema not 
only to ordinary Muslims but also to pure Peripatetics such as Ibn Rushd. 

The requirements of this sort of immortality greatly influenced Ibn Sinä’s 
theories. The two doctrines examined in the remainder of this paper both show 
its effect. In the first, a fairly straightforward modification was made to Aris- 
totelian embryology. In the second instance, a radically anti-Aristotelian 
epistemological doctrine was adopted; neo-Platonie in appearance but unlikely 
s0 in inspiration, it lay at the heart of Ibn Sinä’s psychology and metaphysies. 
Both tenets were at root, I believe, philosophical responses to the Muslim 
precept of personal salvation; and they both had a place in the ‘dialogue’ 
between the faläsifa and the other groups of Muslim intellectuals, Indecd in 
the latter case, where Avicenna effectively denied the necessity and, rigorously 
speaking, even the possibility. of acquiring knowledge from experience, the 
doctrine should be considered one of the most important contentions in that 
debate as regards the consequences for philosophy and the other Greek sciences. 


4, This non-Qur'anie view is only adumbrated in the Shifa* (Kitab al-Nafs 
Tand X: 1); the complete, ‘esoteric' tenchinge are presented in Al-Risäla al-Adhawiÿya fil-Ma‘äd 
ed. wi an tr., introd. and notes by Francesca Lucchetta, as Epistola sulla vita futura, vol, 1 
(Padua: Antenore, 1969)). 
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thought during that period. Let me note in this connection, without undue 
emphasis, that the title of the Kiräb al-Shifa' is to be translated as ‘The Book 
of the Healing (of the Soul] and the name of the compendium of that work, 
the Kitäb al-Nojat, as ‘The Book of the Salvation [of the Soul]'! 

The first of the two particular problems that 1 have chosen to investigate 
illustrates the integration of a religiously motivated psychological doctrine 
into a different areu of philosophy, in this case embryology, in order to render 
it more acceptably Islamic. The second and more important example, the 
question of the empirical basis of knowledge, is intended to exhibit the signif. 
icance of psychological theory for the career of Islamic science in all four 
of the ways that I have just described — explicitly as regards the general ques: 
tion of knowledge, and implicitly, but L trust plainly, with respect to the other 
three. The second example, moreover, should isolate the part which was played 
by Avicenna’s own psychological thought: and it should make clear a major 
way in which Ibn Sinä's theories in psychology, acting through his philosophy 
as a whole, led towards a transformation of the Islamic philosopbical tradition 
while coordinating it more closely with its Muslim surroundings, 

Both problems will illuminate the relationship of Tbn Sinä to his Greek 
authorities, and the second will have a certain bearing on the vexed question 
of his ‘mysticism?. The latter case, finally, will expose a serious but often 
unrecognized hazard that one frequently encounters when trying to determine 
Ibn Sinä’s true position on some issue a difficulty arising from his method of 
presentation, even in his most straightforward discussions, Incomplete, 
especially adumbrative, exposition rather than tentative or shifting views 
will turn out to be his vice. 

The examinations below of the zoological and the epistemological topics 
will both follow the Shifa”. It is this work, indeed, which nearly always con. 
tains Avicenna’s basic account of his doctrines, even though in certain cases 
the explanation there is disingenuous or incomplete, and a franker or more 
developed treatment must be sought elsewhere, In the present instances, 
certainly, the Shifa” appears to need no important corrections. 

The two Avicennian doctrines which are about to be considered were both 
consequences of the same basie Muslim belief, the idea of individual immortal 
ity and salvation, This tenet, stripped by Ibn Sinä of auy notion of bodil 
resurrection (at least in his franker, or more esoteric, writings), was a corner- 
stone of his psychological and metaphysical thought. The framework of theory 
into which it had had to be placed, i.e., Avicenna’s philosophical system ns a 
whole, belonged in its methods and concepts to Greek philosophy in its Islamic 
guise, especially in the form it had taken at the hands of al-Färäbi (ca. 870- 
950). The teachings derived chiefly from Aristotle and occasionally from the 
Greck commentators, but they were also tinted — or tarred — with ideas from 
certain neo-Platonie works (ineding the pseudonymous “Theology of Aristot- 
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themselves in a dialogue principally about philosophy and Qur’änic religion, 
both among themselves and against the otherinterpreters of Islam. What Isaid 
earlier of the discussion in general is especially applicable here, namely, that 
a cluster of psychological issues assumed exceptional importance, The older 
questions of the definition of a believer, the nature of God's attributes, the 
créatedness of the Qur'än (largely replaced as a problem for the falasifa by the 
créatedness of the world), and freedom of the will had all been given stereotyped 
sets of answers by the teuth century. But other issues arose and demanded 
resolution: the nature of the soul; the distinctive characteristics of revelation, 
inspiration, dreaming, prayer, and ritual worship; the identifying criteria of 
true Prophethood (and thus of the basis for the Law — a vital matter for Islam); 
the personal immortality of individual souls,the manner of their salvation, 
and the nature of their bliss; the resurrection of the body, which was a promi- 
sent Muslim belief, but one that remained inexplicable within the limits of 
falsafa; the means whereby God can know particulars (and thus reward and 
punish individual bélievers properly, carrying out the Promise’ and the ‘Threat” 
ofthe Qur'än); and the right mode and criteria of human knowledge. With 
the one significant exception of the eternity of the world, the major doctrinal 
problems that were set for the students of the ancient sciences by their Muslim 
environment required solution within ane or another area of psychological 
theory. For Ibn Sinä even political science reduced to an exercise in faculty 
psychology: the tvirtuous city"(i.e.. the best political community) was conceived 
as a society ruled through a Law that had been revealed by a true prophet, 
and the true prophet he identified as a man whose soul had a special faculty, 
an extra, higher degree of intellect called the ‘prophetic’ or ‘holy’ intellect. 
aud who, through the overflow from this powerful intellect into his imaginative 
faculty, could put into images that were suitable for the common people all 
the essential conceptions of the Law and the religion. 

The history of philosophy and science in Islam, then, was very greatly 
affected by the development of psychological theory in several ways: through 
the transformation in the nature of philosophy, through the changing ideas 
of the purposes of an intellectual life, through the framing of doctrines 
concerning the origin of knowledge, and most basically through the handling 
of contentious issues in the philosophers’ general debate against other intel- 
lectual groups. Psychological questions were crucially involved in the proces- 
ses that shuped classical Islamie culture, and theorization about the soul and 
its functioning thus shared indirectly but decisively in fixing the destiny of 
Islamic science. 

I hope 1 have sketched enough background to make my initial assertions 
more plausible and persuasive. What I can do now is only to paint in a very 
small bit of the foreground. 1 shall diseuss certain aspects of [bn Sina's psychol- 
ogy in order to show the pervasive influence it had in his philosophy and to 
reveal at the same time the importance of psychological issues in Islamic 
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emphasis in philosophy away from eumulative investigation of the human 
and natural world towards metaphysical ilumipation (a change where the 
centrality of psychological questions has already been asserted) was in the 
end a metamorphosis whereby speculative philosophy effectively distanced 
itself from the several scientific disciplines and left them more susceptible 
to thevretical stagnation and to futile elaboration of a positivistic sort. 

Secondly, the philosophers convinced themselves that the highest philo- 
sophie and human good and the greatest happiness (sa‘äda) was conjunction 
(itisal) with a higher intellect, By so doing they very largely reduced moral 
philosophy to theoretical psychology. to discussion of this peychological state 
of quasi-union and the means of achieving it, Such a goal for the philosophical 
life would have appeared Lo most nou-philosophers to be just a poor substitute 
for itihad, the uniting with God depicted by the sffs, and this view must 
have had a considerable effect in channelling the interest of educated Muslim 
youths away from philosophy itself and «ll that much farther away from the 
scientific disciplines. 


Tu the third place, classical Islam was characterized by the extraordinary 
prominence granted by the entire society 10 the question of knowledge (‘ilm) - 
of the kind of knowledge 1hat a Muslim ought ta accept as right and of the 
basis for cértainty in that knowledge But asking what knowledge is, in 
effect implied asking how knowledge is to be obtained; andthat meant under- 
standing the operations of the soul. Greek philosophy and science, suitably 
modified, formed one way of knowledge that was open to the Muslim believer, 
Apologists of the Greek sciences (al-“ulüm alawa’il) were forced by the inter- 
ual constraints of philosophical theorizing and the external demandé of legit- 
imization in Muslim society, to explain the special nature of their sort 
of knowledge and the basis of its claims to truth. The burden of these 
explanations fell upon psychological theory. But the account that was pro- 
duced, vis., human participation in a higher intellectual world, left philosophy 
without a ‘religious” justification as convincing as that of the Qur’änically 
based disciplines or saff mysticiem and without any good ‘secular substitute, 
such as, for example, a rigorous Aristotelian empiricism might have supplied. 

nally and most generally, psychology influenced the development of 
Islamic science by its assumption of the leading rôle when in the tenth century 
the students of falsafa and the other Greek disciplines attempted to come t0 
terms with their Islamic environment. This they did by entering into the gen- 
cral débate which 1 mentioned, where each of the several opposed groups of 
Muslim intellectoals represented a different attitude to the religion and a 
different approach to knowledge. The adherents of the Greek sciences engaged 


3. See Franz Rosentlial, Knoutedge Triumphant: the Concept of Knowledge in Medieval Islam (Leiden: 
Brill, 1970): espesially pp. 1-4 where something of Rosenthal's analytical framework is disclosod, 
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Nasir al-Din al-Tüsi (1201-1274) was able to effect through his exegesis of Tbn 
Siuä in the Shark al-Ishärät and elsewhere. The philosophical cursus, which 
in the ninth and tenth centuries comprised logie and mathematics, natural 
philosophy and the mathematicized natural sciences, metaphysics, and ethics 
and politics, retained with Avicenna something of the original Aristotelian 
regard for research and the cumulative development of kaowledge. Afterwards, 
however, it became a mere propaedeutie, albeit an essential one, for a directly 
illuminative, and supposedly more valuable, kind of knowledge, eventually 
interpreted in the later Lranïan school as mystieal gnosis. Although I cannot 
discover a real mysticism present in Ibn Sinä's works, and certainly not in 
the frequently cited chapter on ‘The Stages of Those Who [Seek 10] Know” 
(Magämat al Frifm) in the Kitab al-Ishôrät (ed. cit., pp. 198-207), uevertheless 
illuminationist features were decidedly prominent, and the ground for the fully 
mystieal development was thoroughly prepared by Avicennas philosophy. 

The driving force behind this transformation of falsafa derived, 1 am 
convinced, from the philosophical investigation of the soul, or rather from 
the implications that psychological doctrines yielded in nearly all areas of 
philosophieal enquiry. The same ultimately psychological issues were also 
présent to the mutakallimün (the so-called ‘rational theologians’ of Islam) and 
the intellectually inclined among the stfi's - and indeed to all educated Mus- 
lims of those centuries. In the development of classical Islamic thought the 
primary task was the broadening and theoretical deepening of the Qur'änically 
based religious culture. So it is not surprising that there was a scarcely inter- 
rupted general debate among opposed groupings of Muslim intellectuals — 
fundamentalist jurists, rationalist theologians, philosophers, sÿfis, and Ismä- 
lis, among others which had a great directive influence on the culture, and 
which very often addressed itself to matters in psychology. The question of 
the soul and the problems of right knowledge and right belief that were insepa- 
rably joined to it became and remained a fundamental concern, perhaps 
the most basie one of all, to Islamic thinkers, Psychological issues formed a 
vortex that eventually drew every theoretical system into its whorls, and 
usually threw it out again a shivered wreck. To understand the cultural his- 
tory of medieval Islam it is essential to study the theories of the soul. 


In a single paper one cannot document nor even illustrate all features of 
the description that has just been offered. But it seems appropriate to provide 
some indication of how psychological theories in the Islamic world had such 
importance specifically for the history of science.® In brief, I find that there 
were four ways, all of them indirect. (Of course there was a direct way, tou, 
for psychology after all had long been a part of “science"!) First, the shift of 


2, Theso remacks were originally made in answer to a question asked from the Boor by Prof. A.I. 
Saba, They are incorporated here in their natural place in the text. 


À Decisive Exampie of the Influence of Psychological 


Doctrines in Islamic Science and Culture: 


Some Relationships between Ibn Sina’s Psychology, 
Other Branches of His Thought, and Islamic Teachings 


Roserr E. Hazi* 


SYCHOLOGICAL THEORY was a central conceru of the medieval Islamic 

world, and Ibn Sina was a key figure in the history of Islamie thought. 
Appropriately enough then, psychology was a main focus of Ibn Sinä’s own 
work, and his theories were of great importance in the history of psychology. 
Indeed, during the Middle Ages in Islam vr in the West and, I am tempted 
to add, in the Renaissance, Ibn Sinä was rivalled as a psychological theorist 
only by Ibn Rushd (Averroës: A.D. 1126-1198). But if I am right in my 
thinking, Ibn Sina°s psychology bad a further significance in Islamic intellec- 
tual history: for much of Ib Sin&’e thinking revolved around the analysis of 
psychological issues: the philosophical system that he created signalled a 
turning-point in the history of philosophy and science and theoretical enquiry 
as a whole even religious enquiry — in the Islamic world. So a correct grasp 
of Ibn Sin’ psychologienl doctrines is prerequisite, L believe, to auy full 
analysis of Islamic intellectual history and, a fortiori, to a proper understand- 
ing of the course of Islamic science. 

Ibn Sinäs Shifa” was the longest systematic exposition of falsafa (by 
which I mean simply Islamie philosophy in the Greek tradition) to have been 
produced in the classical period. Yet in the Shifa’ and in Avicenna’s other 
philosophical works was contained potentially (and even actually, in the view 
of certain present-day scholars) a radical transformation of the Islamic philo- 
sophieul tradition: witness the abuse that Ibn Rushd henped upon Ibn Shna for 
abandoning pure Peripateticism and the strikingly mystical philosophy which 


“The Queens University of Belfast (Northern Ireland). Expanded from n paper given at the Dirt 
luternotional Symposium for the History of Arabic Science, Aleppo, April, 1976. The author must 
express his gratitude 19 the British Council, as well as t0 the Univereity of Aleppo and its new Institute 
or the History of Arabic Science, for the financial support which rande his tendance at this congress 
possible, 


1. Tbn Sinà (A.D. 980-1037) is the great physician and philosopher known in the West as Avicenna. 
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gold which is the goal of human life and which allows man to play the role 
for which he is destined, to act as the bridge between heaven and earth, as the 
eye through which God views His ercation, as the channel through which the 
grace of heaven penetrates the earth and fecundates it, Through this inner 
alchemy, to which all other aspects of alchemy are subservient, man comes 
to see nature not as the chaos of coagulated matter but as the thcophany which 
reveals the paradise which is here and now and which man must rediscover 
through the attainment of the gold which resides at the heart of all bei 
and which remains to be extracted by means which tradition offers to those 
who are willing to surrender themselves to it. Although Räzi sowed the seeds 
of what was to become known later as the science of chemistry, Islam continued 
to harbor that spiritual alchemy which refuses to see nature as deprived of 
life, which aims at transmuting the inner being of man and attempts to 
bring about, through his transmutation, the spiritual revival of nature. 
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Applied to nature, tawil means penetrating the phenomena of nature to 
discover the noumena which they veil. It means a transformation of fact into 
symbol and a vision of nature, not as that which veils the spiritual world, but 
as that which réveals it, 

Alchemy is precisely such a science, one based on the appearances of nature, 
particalany the mineral kingdom, not as facts in themselves but as symbols 
of higher levels of existence. It is not accidental that Jäbir was both à Suf 
and also a ShiSite and that in fact the Jäbirian corpus later became closely 
associated with Ismaäfilism which added certain treatises to the original body 
of Jäbir's works. 

Jäbir, while also interested in natural occurrences, never divorced the facts 
of the natural world from their symbolic and spiritual content, His famous 
Balance (misan) was not an attempt to quantify the study of nature in the 
modern sense but to measure the tendency of the World Soul”? His preoceu- 
pation with numerical and alphabetical symbolism, with the study of natural 
phenomena as determinations of the World Soul, with specifically alchemical 
symbols, all indicated that Jäbir was applying the process of rail to nature 
in order to understand its inner meaning. 

Räzi, by rejecting prophecy and the process of ta'iwil which depends upon 
it, also rejected the application of this method to the study of nature. In s0 
doing, he transformed the alchemy of Jäbir into chemistry. That is not to say 
that he stopped using alchemical terminology or ideas, but in his perspective, 
there was no longer any Balance to mensure the tendency of the World Soul, 
nor any symhols to serve as a bridge between the phenomenal and noumenal 
worlds, The facts of nature were studied as before, bat as facts, not symbols. 
Alchemy was studied, not as real alchemy, but as an embryonic chemistry. 
The religious and philosophieal attitude of Razi was therefore directly connect: 
ed to his scientifie views and was responsible for this transformation. In fact, 
his case marks one of the clearest examples of how philosophical and religious 
questions have played a role in many significant developments of science and 
in the history of science in general, displaying the intimate relation between 
man’s view toward the sciences of nature and his vision of Reality as such. 

Islamic civilisation however rejected the philosophical views of Razi and 
his like and remained faithful to its own ethos and the burden which the hands 
of Providence had placed upon it, namely to bear the Divine Message of the 
Qur'än for mankind to the eud of the world, This truth has allowed Islam to 
preserve to this day. despite all the vicissitudes of time, the knowledge and 
practice of an inner alchemy which makes possible the cultivation of 


Räai and hie rojeetion of the alchemieal view, see Corbin (with the collaboration of 8, H, Nasr and 0. 
Yahyu), Histoire de la philosophie islamique (Paris, 1964), pp. 194-201. On the alhemy of Jäbir see 
Corbin, Le “Livre du Glorieux' de Jäbit ibn Hayyän (alchimie et archétypes)”, Eranos-Jahrbuch 
(Zurich, 1950). 


ISLAMIG ALOHEMY AND THE BIRTH OF CHEMISTRY 43 


Throughout these works, there is a description and classification of mineral 
substances, chemical processes, apparatuses, and #0 forth, so that these works 
could be easily translated into modern chemical languages. There is no interest 
in the symbolie aspect of alchemy, in the discussion of metals and their trans- 
formations as symbols of the transformation of the soul. The correspondence 
between the natural and spiritual worlds which underlies the whole world- 
view of alchemy"! has disappeared, and we are left with a science dealing with 
natural substances considered only in their external reality, albeit the Innguage 
of alchemy and some of its ideas are still preserved. 

The reason for Razis departure from the alchemical view must be sought 
in the peculiar philosophical position which he held. As we know from many 
later sources incmding Birüni, who was scientifically sympathetie with him. 
Räs wrote several works against prophetic religion and even denied prophecy 
as such/® He thus rejected a central theme of Islamic philosophy which in fact 
is “prophetie philosophy”. Morcover, Räzi was particularly opposed to Ismä- 
Silism and carried out a series of highly philosophical debates with one of the 
leading figures of Ismä‘ilism, Abü Hätim Razt47 When the religious and 
philosophieal attitudes implied by Räzis position are analyzed, it becomes 
clear why he transformed Jäbirian alchemy into chemistry. 

According to Islamic esotericism in general and Shi‘ism— of which Ismä- 
Silism js a branch - in particular, the sciences of nature are related to the science 
of revelation. Revelation possesses an exoterie (z4hir) and an esoterie (bätin) 
aspect and the process of spiritual rcalization implies beginning from the 
exoterie and reaching ultimately the esoterie. This process is called ta*wil or 
hérmeneutic interpretation, which is applied by the Shi‘ah, and also in Sufism, 
to the Holy Quran, in order to discover its innér meaning, Only prophecy and 
revelation can enable man 10 make this journey from the exterior to the inte- 
rior, to perform this ta’wil which also means a personal transformation from 
the exterior man to the inner one.i# 


world view, there was no completely séculariced domain of nature to which à totally *‘non-aymholie"" 
science could apply. Therefore, although much chemistry was contained in the medieval alehemical 
tai the case of Rai, it was never totally divorced from alchemy. 

alasrär was translated and thoroughly studied by J. Ruska, Al-Razi's Buck Gehoimnis 
der Geheimnisse (Berlin, 1997). 

15, Concerniag this correspondence see T. Burckhardt, op.cit. 

16. One of Räx?s famous works on this subject is the Refutation of Prophecy, (al-Radd ‘alal- 
rubuwwah). See Bieauï, Epitre de Beruni contenant le ropartoire des ouvrages de Muhammad b. Zakariya 
al-Rosi, trans. et ed. P. Kraus, (Paris, 1936). 

17. See P. Kraus, + Rariana””, Orientalia, 4 (1935), 300-334: 5 (1936), 45-56, 358-470. The complete 
debate between the two Räzis, which centers mostly around the question of prophecy, runs through 
out the many chapters of Am al-nubuteruh { Paaks of Prophacy ), ed. by S. al-Sawy and Ch, Aavani, 
(ehran, 1977) Later Tsraà%ili authors such as Hamid al-Dia Kirmant in his al-Aqual ul-dhahabïyyah 
and Nägirsi Khusraw ia bis Jai‘ al-hikmatayn were to continue this debate, 

18, This theme has been thoroughly studied in the many writings of H. Corbin. As far as it concerné 
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And in fact, there is both similarity and difference when their alchemical and 
chemical ideas are compared. 

Jäbir believed that the elixir contained animal and plant substances as 
well as minerals, while Räzï limited it to minerals and only casually mentioned 
animal and plant substances. Razi divided metals into seven species including 
khärsini just like Jäbir in his Kirab al-khamsin. However, contrary to Jäbir, 
Räzi showed no interest in the numerical symbolism connected with this 
division, Jäbir sought to discover the ultimate causes of things, while Rai, 
following the views of the Peripateties among the physicians, denies openly 
that such a possibility existss Räzï in his al-Madkhal and al-Asrär did not 
follow the Jäbirian view that minerals are composed of sulphur and mercury 
but believed that they are constituted of body (jasad), spirit (r%}) and soul 
(nafs)." However, the Jäbirian belief that there are five principles the first 
substance, matter, form, time and space- certainly bears close resemblance to 
the famous five eternal principles of Razï.1® 

Räzï also closely followed the terminology of Jäbirian alchemy. He adopted 
not enly technical names from Jäbir but also titles of books. A large number 
of Räzï's writings in this field bear the same titles as those of Jäbir, while some 
are simply modifications of names of works belonging to the Jäbirian corpus. 
This is particularly significant in the case of such an independent philosopher 
as Räzi. Even in the classification of simples (“agägir), which is among the 
most important scientific achievements of Räzi in the field of chemistry, he 
followed the example of Jäbir’s al-Ustuqus al-uss al-awwal. 

One may then ask why Räzÿ’s works have been called the first books of 
chemistry in the history of science. We have several extant alchemical works 
of Räzi, such as al-Madkhal al-taflimi which served as a basis for the section 
on alchemy of Mafatih al-<ulim,® and most important of all, the Sürr al. 
asrär, well-known to the Western world as Liber Secretorum  Bubacaris* 


7, Kraus, op. ci, p. 3. 

8. Kraus, op. ci, p. 95, cites from Râ 

9. Stapleton, op. it. pp. 320 f. 

10, Kraus, op. eit., p. 147. Regarding the five eternal principles of Räzï and bis general philo 
soghieal views, see R. Walker, Greek into Arat 

11, Stapleton, op. cit. pp. 346-437, where he cites ffieen works of Räeï which have either identieal 
or modified titles of works of Jäbir and seem to deal with the same subject. 

12, Stapleton, op. ci., p. 320. 

1 D The text of this work has been translated with commentary by Stapleton in the above-mentioned 
articles, 

14 This work, whose title may have also been Kitdh al-sirr as cited by Tbn al-Nodie, is the most 
basio work of Räxï on chemistry, one in which the transformation of alchemy into chemistry may be 
clearly discerned. 1 was wellknown during the later centuries in the Islamic world not only ie ts 
originül Arabie version, but also in a Persian recent it was also influential in the West. Bot 
everywhere it was considered an alchemical work rather than a chemical ane because, in the medieval 
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terials wed to the crafts and guilds.® Yet, it was also in Islam that the first 
seeds of a science of chemistry were sown, although the symbolic view of nature 
predominated and never allowed a secularized view of material substances 
to become dominant, for it is not possible to have a chemistry until the living 
body of nature has become converted into a cadaver and until nature has 
become deprived, for him who has lost the symbolist spirit, of the suered 
presence which neverthelese euntinues to glow within all things. 

The nppeurance of chemistry is related to the birth of a school of philosophy 
at the margin of Islamic intellectual life, and is bound to a change in intellec- 
tual perspective which corrésponds directly to the profound difference between 
the world views of alchemy and chemistry, Moréover, the creation of this 
peripheral philosophical school and the birth of chemistry belong to the early 
period of Islamie history and concern two of the most famous figures of Islamic 
science, namely, Jäbir ibn Hayyän, the Latin Geber (d. 3rd/Oth century), and 
Muhammad ibn Zakariyya' Räzi, the Latin Rhazes (d. 4th/10th century). 

No two figures are better known in the annals of Islamic alchemy than 
these two men of many-sided genius. Both men were celebrated masters of 
alchemy. Both are believed to have belonged 10 the same school by later gener- 
ations of alchemists in the Islamic and Western world* Yet a study made 
of the writings of both men clearly reveals that although Räzt employed the 
languages of Jäbirian alchemy, he was in reality dealing not with alchemy 
but with chemistry. One might even say that Räzï transformed alchemy into 
chemistry, even though alchemy endured long after him and chemistry cun- 
tinued to be cultivated in the Islamic world within the bosom of alchemy. Thus 
the chemistry of Räzi was by no means independent of alchemy," and in fact 
the two never parted ways completely in Islamic civilization as was to happen 
in the West after Robert Boyle. 

Before discussing the philosophical and religious divergences between 
Jäbir and Räzï which led also to the separation of chemistry from alchemy, 
it is worthwhile to note the similarities and differences in the alchemical views 
ofthe two authors, Or rather, a comparison must be made between the Jäbirian 
corpus, of which certainly much was written by Jäbir himself and some of the 
treatises added later by Ismäili authors, and the writings of Râzi, Scholars 
studying these writings differ as to how elosely Räzi followed Jäbirian alchemyt 


3. See IL. Corbin, En slam iranien, vol, 1V, (Paris, 1978), po. 205 ff. 

4, Rutbat al-baktm considère Räaï ta be a disciple of the school of Jübir, «éhile in almost all Latin 
alchemicul texts the numes of bath men appear as unquestionable maters of alhémy, 

5. See G, Heyan, “AI-Rärt and alchemy"", Ambix, 1 (1988), 184-191: and 4, R. Partington, “The 
Chemistry of Räzi®”, Ambix, L (1988), 192-106, 

6. For example, P, Kraus in his Jébèr ibn Hayyän, vol. Il, pp. 4 ff, does not believe that there is 
any direct and close relation between them, while N. EF. Stapleton in ‘Chemistey in “Lrog and Persia 
in the lenth Century AD”, written with R. F, Azo and M. Hidayat Husain, Mémoirus of the 4 
Society af Bengal, 1927, pp. 317-415, considers Räzï as a direct disciple of Jabir. 


Islamic Alchemy and the Birth of Chemistry 


Sevven Hosseix Nasr* 


LCHEMY is at once a science of the cosmos, or cosmology, a sacred science 

of the soul, or psychology, a science of materials and a complement to 
certain branches of traditional medicine, It is not a proto-chemistry although 
it deals with physical materials from a particular point of view; nor is it 
the origin of the modern scientific method-although alchemy has been con 
cerned in the profoundest sense with experiment and experience, that inner 
experiment which alone leads to certitude and of which all external experience 
is but a pale shadow. The traditional alchemist serves as the window through 
which the light of the spiritual world shines upon the natural domain and the 
revivifying air-or more precisely ether-of the empyrean penetrates the arteries 
of nature, His aim is not to work with sheer material substances from a purely 
physical point of view, this being the work of charcoal burners, Rather, be aims 
10 transform nature in order to return nature to that primordial perfection, 
that paradisal beatitude which nature is in reality, although this face of nature 
remains veiled and hidden from the view of modern man. Through the trans- 
mutation, based upon a sacred science of things, of the soul of the beholder 
to pure gold, alchemy permits the solar element or the supernal Apollo to 
shine upon the world of the gross elements and their compounds. 

These general remarks on alchemy pertain as much to Islamic alchemy as 
to the Alexandrian or Latin schools, for all schools of traditional alchemy 
share ultimately the same world view and even the same symbolie language; 
although each of course possesses certain distinct characteristics, Islamie 
alchemy inherited at once Alexandrian and Chinese alchemy and created that 
immense synthesis, The translation of some of their fraits into Latin in the 
form of such texts as the Turba Philosophorum and Picatria® brought Latin 
alcbemy into being. 

Islamic alchemy has managed to preserve over the centuries and even to 
our own day an integral spiritual alchemy wed to Sufism and other esoteric 
schools, such as that of the Shaykbïs in Persia, and a symbolie science of ma- 
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ment to a Jewish prayer book published in Venice in 1520 we learn that R. 
Abrabam ben Yom Tov Yerushalmi used the tables of Ulugh Beg. It is other- 
wise known that this R. Abraham was in Istanbul in 1510.% 

10, As a result of a comprehensive search of manuscript collections for 
Hebrew astronomical tables, some of the fruits of which have heen presented 
here, it now appears that Levi ben Gerson (southern France, d. 1344) was the 
only Hebrew author to construet tables based on original models, rather than 
modifying or copying existing tables. Moreover, his tables are embedded in 
a text that describes his models and their derivation from specified observa- 
tions, In most other cases we find an introduction preceding the tables in which 
only the procedures for using them are indicated-this holds true for a large 
number of Islamic tables as well as those in Hebrew. Levi was cértainly indebt- 
ed to his Muslim predecessors, particularly al-Batiäni whom he often cites as 
his source for tables representing Ptolemy’s models. Levi also mentions al- 
Bitrüji but rejects his models categorically, preferring to take those of Ptolemy 
as his point of departure, In a general sense Levi's entire research program was 
an outgrowth of the Arabic scientific tradition, for his goal was to construct 
a system that was philosophically sound and mathematically rigorous. This 
view was expressed by a number of his predecessors including Ibn al-Haytham 
(Egypt, eleventh century), Ibn Bäjja (Spain, twelfth century), Averroes (Spain, 
twelfth century), and al-Bigrüji. Carrying through with these idess, Levi not 
only originated new planetary models, but proceeded to construct new tables, 
based on his models. Although Levi's astronomical 1reatise was translated into 
Latin, the extant manuscripts of that version contain few of the tables that 
belong to it. 


Conclusion: We can see that the process of transmission is complex and 
that it is not always the result of a specific plan. Some trauslators, such as 
Moshe Ibn Tibbon, had clear goals to bring a certain literature to the attention 
of a recognizable group," but in most cases we have too little information to 
müke an informed judgment of the translator’s motivation. What seems to 
emerge is a sense that in the late middle ages astronomy took on the character 
of an international enterprise despite the language barricrs that scparated 
its practitioners 


33.8, R. Goldstein, The Aétronomical Tables of Levi ben Gerson (Hamden. Cx., 1974), pp. 15-16. 

34, On Levi, see Goldstein (opscit, n. 33), In uddition to the Hebrew manuscripts listed there (pp. 
TA), Thave found a Genira fragment of Levi's Astronomy, cbapters 07 and 98 (corresponding to Paris 
Mb, 724, fol, 117a:24 10 1TBa:14 and jacluding ie marginal note on 178) in Jewish Theologieal Semi 
ary of America, Ms, ENA 2905, fol, 1, 

35. On Moshe In Tibibon, see D. Romano, “La transmission des sciences arabes par les juifs en 
Languedoc”, in Juifs er judaisme de Longuedoe, eds, MH. Vicaire and B. Blamenkranz (Toulouse, 
1977), pp. 863-486. For biographical information on a fourteenth century translator, see L. V. Berman, 
“Samuel Ben Judah of Marseiles”*, in Jewish Medieval and Renaissance Studies, ed. À. Altmann (Came 
bridge, Mass., 1967), pp. 289-320. 
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al-Shäür or his models, they do yield information on other important aspects 
of late Ielamie astronomy, and one may yet find references to Ibn al-Shätir 
and the Maragha School in Hébrew.* The main center for Islamic astronomy 
in the fifteenth century was the observatory in Samarqand in Central Asia 
established by the Mongol ruler Ulugh Beg, himself a noted astronomer.# The 
scientific legacy of Samarqand reached Istanbul, where the study of astronomy 
fourished in the sixteenth century, and there is now some evidence that this 
tradition also reached Italy. À Hebrew manuseript (Paris 1091) uniquely pre- 
serves an anonymous undated Hebrew translation, without the introduction, 
of Ulugh Beg'e tables oviginally composed ca. 1440, and indeed the observatorÿ 
at Samarqand is specifically mentioned in it (folio 70a): “Table For half-daylight 
for the latitude of Samarqand at the place of the observatory” (ha-raçad). 
Although the planetary tables are taken from Ulugh Beg's work, the star 
catalogue in this manuscript is not the famous list that became known to west- 
ern scholars in the seventéenth century.# but an older list presumably from 
a Hebrew source because its epoch is given in the text as “the beginning of the 
sixth millenium”’, ie. 5000 AM. (unno mundi), which corresponds to 1240 A.D. 
Both Arabie and Hebrew names are displayed for each of the 50 stars together 
with their longitudes, latitudes, and magnitudes (folios 73a-74a). In an unpub- 
lished description of this manuseript on deposit at the Bibliothèque Nationale 
in Paris, M. Georges Vajda dates this copy by means of paleographie evidence 
to about 1500 A.D. Based on the watermark which is a simple anchor 1 am 
confident that the paper was produced in Venice between 1477 and 1508. 
The pages are arranged in quires of 12 folios sumbered in the upper left corner, 
e.g. on folio 13a we find 2:1 (in Hebrew alphabetic numerals) meaning quire 2, 
folio 1, on Ma we find just the numeral 2, and s0 on to 184 where we find the 
numeral 6; then on folio 25a we find 3:1. The keeper of Hebrew manuscripts 
at the Bibliothèque Nationale informed me that this arrangement is typical 
for Italian manuscrits of this period." Italy, of course, was an important 
scientific center at the time and it is possible that knowledge of eastern Islamic 
astronomy was brought to the attention of Christian scholars by Jews. Ulugh 
Beg is mentioned in a few Hebrew texts deriving from Istanbul and I think it 
most likely that this translation was made there in the latter half of the ffreenth 
century, Steinschneider noted that Elia Bashyasi (d. Istanbul 1490) mentioncd 
Ulugh Bog's tables in a work published in Istanbul in 130/1,% and in a supple- 
28. See Kennedy (op.cit., n. 2), pp. 166 £: A. Sayili, The Observatory in Fslam (Ankara, 1960), pp. 


259. 
e E. B. Kuobel, Ulugh Beg's Catalogue of Stars (Washington, 


DAT) especially p. 9. 


V. Moshin, Anchor Watermarks (Amsterdam, 1973), expe te 19, no. 233, Another 
tent le bonad with Use tables to form Paris M, Hb, 1091, and is paper bas a completely dirt 
watermark. 

81. Cf. M, Beit Arié, Hebrew Codicology (Paris, 1976), p. 48. 
3: hneider (pit. n. 1), pe 196. 


# Note added in progf: ln July 1979 1 discovered à copy of Ibn alShätir'e zij al-jadid in Hebrew 
charaetaras JTSA; Mic. 2540 (F Ms, Oxford. Budlejan Arabic Arch. Seld. À:30). À gate on Che yet 
in tbe same hand us the rest of the manuscript vives the solar, lunar. ond planetary radices far 1260 AB 
{1844 AD) for Aleppo, and on internal evidence it seems to be a nineteenth century copy: in Le 
meun motion tables entries are listed for 750, 900, 1050, 1200, 1240, 1260, 1290 AE (e. : fo 
Ab certaial suggeste at the convit (or bit mentor Hived in he birteendh century of de Has 
es re Lüry 0! istian era. Jt is surpirsing to find such a late copy of this ‘text in 
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geographical coordinates are given as 720E, 380N.%#* Shelomo ben Eliyahu had 
the nickname “golden sceptre" (sharvït ha-zahav), an allusion 10 Esther 4:11, 
and Steinschneider conjectured that there was an intention to find a biblical 
parallel to the Greek name Chrysococces;* this seems to be confirmed by the 
character of the text. Lu the introduction to the Hebrew version (Paris, Ms. 
Hb. 1042) we learn that the tables are arranged for the city Tivini (read :T'abriz) 
whose longitude is 720 rather than for Saloniki whose longitude is given as 407", 
The mean motions are displayed for Persian years and months with radix 720 
Yazdejird, i.e. 1350 A.D. The tables for the planetary equations are all derived 
from the Almagest, but in a form introduced by Islamic astronomers that 
Kennedy has called “displaced (Ar. wad°i) equation tables”.2 As in Ptolemy 
five functions are tabulated for each planet, but here some are displaced ver- 
tically to eliminate negative entries, some horizontally, and some both vertically 
aud horizontally such that the resultant equations are in agreement with 
Ptolemy's values. For example, Jupiter’s first correction (fol. 64b) which is 
due to the argument of longitude (or centrum) is tabulated at degree intervals 
where the entry for 0o is 4:270, the maximum entry 11:15° corresponds to 
arguments 2469 to 2529, and the minimum entry 0:450 corresponds to argu- 
ments 70910 780. These values derive from the Almagest XI, 11, columns 3 and 
4 with horizontal shift of 189 and a vertical shift of 60; e.g. Ptolemy's value 
for an argument of 180 is -1;380 and 60- 1:339 — 4:270, the entry for argument 
Qin our table. Jupiter’s second correction (fol. 65a) which is due 10 the correct- 
ed anomaly is given at degree intervals where the entry for 0is 120, and the 
maximum entry 23:30 corresponds to arguments 009 to 1030, Al the entries 
are exactly 129 greater than the corresponding values in the Almagest XL11, 
column 6, Kennedy# showed that these displacements must satisfy an alge- 
braic relationship: the sum of the vertical displacements equals the horizontal 
displacement, in this case 6° + 12° — 18%. This technique was already in use 
in the ninth century by the Muslim astronomer Habasb al-Häsib and continued 
with many variants throughout the middle ages.*® 

9, There has been considerable interest in the possibility that eastern 
Llamic scientific material reached Europe at the time of Copernicus because 
his models resemble quite closely those of Ibn al-Shätir (Syria, fourteenth 
century) Although the Hebrew texts I have studied do not allude to Ibn 


22. Piugree (op... n. 21) ppe 148-144. 

23. Steinschneïder (op.cit,, ne 1), pe 179. 

24, E. 8, Kennedy, The Astronomieal Tables of Tin al-A‘lam*, Journal for the History of Arabie 
Seienee 1 (1977), 14. 

25, Kennedy (op.cit..n. 24), p. 15. 

%6. Kennedy (op.ci, n. 24), pp. 16 f. H. Salam and E. 8. Kennedy, “Solar and Lunar Tables in 
Early Islamic Astronomy", Journal of the American Oriental Society 87 (1968), 492-497. 

27. Cf, Imad Ghanem and E. 8, Kennedy (eds.), The Life and IPork of Jon al-Shätir (Aleppo, 1976). 
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pended his own tables to this text, but they are unrelated to the Alfonsine Tables. 
The Hebrew translation of the Alfonsine Tables was not made until 1460 when 
Moshe ben Abraham de Nimes trauslated them from Latin in Avignon together 
with the Latin introduction of Joha of Saxony (early fourteenth century), and 
so the Hebrew version is of no help in recovering the early history ofthe text." 
There is another text in Hebrew, called the Paris Tables, based on the Alfonsine 
Tables and computed with radix 14687 We read in this treatise that it was 
trauslated by Solomon ben Davin de Rodez in southern France (a pupil of 
Tmmanuel Bonfils of Tarascon), although no Latin title or author is cited. 
These tables are very extensive and make use of double arguments for finding 
the planetary longitudes and latitudes. Some Latin texts are related to it: 
the earliest set of tables of this character are those of Jobn of Lignières who 
worked in Paris about 1320. Although the principles underlying the computa- 
tions are the same, all the entries differ because of a difference in convention. 
The entries in the planetary tables in this Hebrew text are, however, identical 
with those in an Oxford text by Batecombe (?) with radix 1348, No copy of 
this Oxford text has been found in France, and no Latin version with radix 
1368 and arranged for Paris, Lyons, and Avignon (as in the Hebrew version) 
is known.*° 


8. There were also translations of scientific works from the eastern Islamic 
world into Hebrew. Shelomo ben Eliyabu of Saloniki (fl. 1374-86) translated a 
text, called The Persian Tables, from Greek into Hebrew where the ultimate 
sources are the Sanjari Zij of al-Khäzini (ca. 1120) and the °AI&’: Zij of al- 
Fahhäd (ca. 1150) The author of the Creek text, George Chrysovouces, is 
not identified by Shelomo ben Eliyahu. In a passage written shortly after 1347, 
George Chrysococces tels us that he studied Persian astronomy with a Greek 
priest in Trebizond from whom be learned that a Greek scholar, Chioniades, 
had traveled 10 Persia to study astronomy and had bronght back a number 
of texts which he then translated into Greek. Chrysocouces wrote a commentary 
on these Persian tables of Chioniades which were constructed for Tabriz whose 


16. On Mosbe beu Abraham de Nimes, see Steinsehneïder (op.cir, u. 1), pp. 196 £. 

17, 1 have consulted to copies of the Paris Tables: Munich, Hb. 343, fols. 104-167; and Oxford, 
Bodieian, Ms. Reggio 14, fols, 57-103, There is à Hébrew commentury ou these tables by Moshe Farissol 
Botarel (southern France, en. 1465): ef Oxford, Bodleian, Me, Hb, 2022. 

18, CE. MS. Tichenor, “Late Medieval Two-argument Tables for Planotary Longitudes”", Journal 
of Near Eastern Studies 26 (1967), 126-129. 

19. North (opéit.. n, 13), pp. 279 and 299 (n. 40). 1 have consulted two copies of the Latin version 
of these tables: Oxford, Bodleian, Ms, Rawlinson D.1227, fols. 64r-87r; and Bodician, Ms, Laud Misc. 
594, fole, S1r-Blv, 


20. Private communications from J. North, University of Groningen, and E. Poule, École Natiooak 
des Chartes, Paris. 


21. On Shelomo ben Eliyahu, see Steluschneïder (op.ci., n. 1), pp. 178 ff, For the Greek version of 


the Persian Tables, see D. Pingrée, “Gregory Chioniades and Palacologan Astronomy", Dumbarion 
Oaks Papers 18 (1964), 135-160. 
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method of Maestro Campano for the meridian of Rome and Novara” (cf, TCD 
49r: Tabula equationis lune). At the end of the Hebrew manuscript (Folio 129b) 
one finds a page in Latin script but probably in Spanish; there is no heading 
and the few words are all technical terms: Abril, Mayo, dias, altitud, ete. Tt 
contains a somewhat confused version of 4 table of noon solar altitudes deriv- 
ing from an Arabic or Hebrew original: in ench entry the minntes precede the 
degrees indicating a thoughtless transcription from a seript written from right 
to left, This table obviously was not taken from Campanus, and its source is 
unknown to me. 


TABLE I 

Paris Hb. 1102, 31a-32a TOD, 63r 
Mars [in Latin, Hebrew, and Arabic] Tabula medii motus martis 
Table for the mean motion of Mars in in annis domini iesu christi 
colleeted Christian years for the ad meridiem nouarie 
meridian of Novara in Italy 
Radix 2° 17:46,15,0,0,0,00 2 17:46,15° 
28 1°7:6,34,49,5.29,270 L 7; 6,350 
56 11°26:26,54,38,10,58,54 114 26:26,55° 
1512 1° 12:4,5,10,56,30,18° 1 12:4,5 


7. The Alfonsine Tables were probably the most widely used tables in late 
medieval and renaissance Europe. The original form, based on Islamic models, 
was written in Spanish in the thirteenth century, but they were better known 
in the Latin version that appeared in the early fourteenth century. Indeed 
the Spanish form does not seem to have survived. À Hebrew text by Isane 
Israeli (ca. 1310), Yesod Olam, provides us with some background information: 
Isare beu Sid, a Jewish astronomer who worked for King Alfonso of Castile, 
observed a solar eclipse in Toledo on 5 August 1263 to be about 7 digits in 
magnitude and he noted that the times of the eclipse phases were all a quarter- 
hour prior to the times predicted by the tables available to hit (the Toledan 
Tables?).4 He also observed three lunar eclipses at the request of King Al- 
fonso: 24 December 1265, 19 June 1266, and 13 December 1266. The discrep- 
ancies between observation and calculation were undoubtedly presented as 
part of the justification for constructing a new set of tables. Isaac Isracli ap- 


13. J. North. “*The Alfonsine Tables in England", in Prismata: Festschrift für Willy Hartner, eds. 
Y Maeysau and W. G, Saltzer (Wieshaden, 1977), pi 271. 
14, Isaac Israeli, Liber Yesod Olam, eds. B. Goldberg and L. Rosenkrans (Berlin, part 1: 1848; part 
2:16), part 2, 46b-47a. 
15, Teaae Israël (0y 


ns 14), part 2, Lib. 
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10 al-Battänï in later Hebrew texts seem to derive from Bar Hiyya’s adaptation 
rather than from a direct translation of the text. These tables were very popu- 
Jar in Hebrew, and they played much the same role as did the Toledan Tables 
for the Latin world-bringing technical astronomy to a new scientific community, 
Itis puzzling that manuscripts of Bar Hiyya’s Tables also contain tables ascribed 
10 Abraham Ibn Ezra who lived somewhat later in the twelfth century. For 
example, one finds two tables of solar declination: one based on Ptolemy’s 
value for the obliquity, 23:51,20°, ascribed to Abraham Bar Hiyya; and one 
based on the improved value, 23:33,8°, ascribed to Abraham Tbn Ezra, There 
are also many explanatory notes of a relatively trivial character written in the 
margins that are ascribed to Ibn Ezra as well. I have not found a separate set 
of tables in Hebrew composed by Ibn Ezra, though there are indications that 
they once existed.? 

5. Al-Battänrs tables were also the basis for the popular tables, called The 
Six Wings, by Dmmanuel Bonfils of Tarascon (southern France, fourteenth 
century) who mentions his debt to his Muslim predecessor in the introduction.!? 
These tables for computing conjunetions, oppositions, and solar and lunar 
eclipses use the Hebrew calendar with its nineteen-year cycle. Curiously, they 
were translated into both Latin and Byzantine Greek.® In this instance com- 
putations based on Ptolemy's models went from Greek into Arabic into Hebrew 
and then back into Greek. 

6. Another set of tables related to those of al-Battäni can now be identified, 
A unique copy in Paris (Bibliothèque Nationale, Ms. Hb. 1102) contains an 
Arabic text in Hebréw characters that dérives from the Latin text of Campauus 
of Novara (Italy) composed in the thirteenth century. This version in Hebrew 
script is anonymous and undated but seems to be from the fourteenth century. 
Its most important difference from the Latin version, at least the copy consult- 
ed by G. J. Toomer (Ms. TCD: Trinity College Dublin, D. 4.30), is that here the 
mean motions are expressed to six sexagesimal places whereas in the Latin 
they are only given to seconds (se Table 1)2* Campanus is mentioned in the 
Hebrew text (folio 93a): “Table for thé equation of the moon according to the 

9. Cf. J, M. Mills Vallierosa (op.cit., n 8), pe 109 f.; and idem, Et libro de Los fundamentos de las 
Toblas astronomieas de R. Abraham Ion Era (Madrid-Bareelona, 1947), pp. 59 F. 

10. The Hebrew text was published (Zhitouir, 1872), and à large nurber of manuscripts survive. 
Among the copies consnlted in the course of this study is a fragment from the Cairo Geniza : Strasbourg 

845, fole, 20-22 (on fol. 22a the heuding is fait but Jegible:+*wing two). 

11. On the Greek version of Bonfils” tables, see P. C, Solon, The Six Wings of Immanuel Bof 
and Michael Chrysokokkes**, Centaurus 15 (1970), 1-20. The only copy of the Latin translation 


is Florence, Biblioteca Nasionale, Ms, J.IV. 20 (the tables are on fols. 160r-182r). Despite the catalogue, 
Ms. Munich cod, latin, 15954 is a Hebrew copy of these tables in which the beadings were translated 
into Latin 
12, L'wish to thank G, J. Toomer, Brown University, for providing me with a detailed comparison 
of Ms, TOD with my notes on Paris Hb, 1102, This Latin manuscript is noted in F. 8. Benjamin, Jr. 
and 6. J, Toomer, Companus of Novara and Medieval Planetory Throry (Madison, 1971), pp. 15-16. 
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s eatalogue, and in most cases few of the figures were drawn, À partial excep- 
tion is Paris Hb. 1019 (Anatoli’s version) which has the chord table in Book T 
but otherwise, although lines are drawu for tables, no entries appear. One 
wonders how working astronomers were able to make sense of the translation, 


2, Southern France was the major center for translations from Arabic into 
Hebrew in the thirteenth and fourteenth centuries, and most of the texts that 
were in common use in Spain became available in Hebrew at that time. For 
example, Moshe Ben Tibbon, mentioned above, translated al-Bitrüjis On the 
Principles of Astronomy, written in Spain about 1200 A. D;' À Latin version 
by Michael Scot is also extant but it is much freer than the Hebrew, Al-Bitrüj 
attempted to harmonize Aristotelian cosmology with Prolemaic astronomy 
by placing the geometrie models for planetary motion on the surface of spheres 
rather than in the plane of the ecliptic . A number of later astronomers (some 
writing in Latin and others in Hebrew) found a variety of shortcomings in this 
synthesis and it was ultimately rejected. Several other scholars attempted to 
construct spherical models: for example, Joseph Ibn Nabmias (Spain, four- 
teenth century). His treatise wvas composed in Arabic (the unique surviving 
copy, in Hebrew characters, is Ms, V: Vatican Hb. 392), and translated into 
Hebrew anonymously (Ms. B: Oxford, Bodieian, Canon Misc. 334). His system 
was intended to be an improvement on that of al-Bitrüji, whom he cites (Ms. 
B126v, 9; Ms. V 52b, 12), but the text awaits detailed analysis. 

3. Another author whose work survives in Hebrew and Arabic versions is 
Joseph Ibn al-Wakkär (Spain, fourteenth century). He composed a set of 
astronomical tables for Toledo in Arabic and translated the introduction into 
Hebrew himself, In the unique surviving copy (Munich, Ms. Hb. 230) the Arabie 
text is in Hebrew characters and the Hebrew translation follows the Arabic. 
Iu the introduction Ibn al-Wakkär mentions the tables of Ibn al-Kammäd 
which do not survive in the original Arabic, but only in a Latin version. Ibn 
al-Wakkär's 25j is not mentioned in Kennedy’s Survey of Islamic Astronomical 
Tables (1956). 

4, The earliest set of astronomical tables in Hebrew are those of Abraham 
Bar Hiyya composed in Spain in the twelfth century." His introduction is large- 
ly based on the introduction to al-Battänÿ'e zij (Syria, ninth century), and the 
tables agree very closely with those of al-Battäni as well. Indeed, the references 


5. On folios 209b, 227b, cte., of Paris Hb, 1019 we find notes by Abrabam heu Yom Tov Yerushalmi 
who lived in Istanbul in the sixteenth century (see paragraph 9, below). 

6 See BR, irait: on the Prineiples of Astronomy, 2 vols. (New Haven, 1971). 
osa, Las Traducciones orientales en los manuscritos de la Biblioteca Catedral do 
1942), pp. 281 
3, The introduction together with an excerpt from the tables was published by J. M. Mills Valicro- 


su: Libro del euleulo de los movimientos de Los ustros de R. Abraham Bar Hivya Hu- Hargelani (Barcelona, 
1959). 
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new light on many aspects of Arabic science, and this will be illustrated heré 
by concéntrating on a few texts that I have studied in the past few years, 
several of which have been identified for the first time. 

1. The translations from Arabic include works originally written in Greek 
such as Euclid's Elements and Ptolemy's Almagest, There are even two copies 
of the Arabic Almagest in Hebrew characters out of some ten extant copi 
a complete copy with all tbe tables in a beautiful manuseript in Paris (Biblio 
thèque Nationale, Ms. Hb, 1100), and an incomplete copy in Cambridge (Uni. 
versity Library, Ms. Mm 6.27 (8). Another manuscript (Vatican Hb, 392, 
folios 1-49) has been described as a copy of the Arabic Almagest in Hebrew 
characters, but in fact it is only à suramary of it, The headings suggest that it 
is Ptolemy’s work: for example we find “Book Four of the Almagest” (folio 5b), 
but later we find the heading “Book 7 and 8” (folio 28b), i.e, the entire discus- 
sion of the star catalogue is combined. Steinschneïdert had queried whether 
this might be a copy of Tüsÿe thirteenth century recension of the Almagest, 
but a comparison with British Museum Ms. Ar. Reg. 16 À VIII excludes that 
possibility, and the author of this text remains unidentified. There were two 
translations of the Almagest into Hebrew, one by Jacob Anatoli in Italy and 
the other by Moshe Ben Tibbon in southern France, both of whom lived in the 
thirteenth century. L have looked at quite a few copies of these translations 
and have been surprised to find that almost none of them has tables or the 


including à few tables, by Yosef ben Yefet Halevi (fourteenth century) with a Hebrew translation; 
(2) a version of the 23j of al-Färist (Yemen, thirteenth century) with tables: aud (3) the T'ashil al-Majisfi 
by Thäbit Ihu Qurra, Ou the 23j of al-Farist, see E. S. Keanedy,A Suroey of Islamie Astronomical Tables, 
in Transactions of the American Philosophical Society, NS 46 (1956), p. 132. Arabic maouscripts of this 
23j are found in Cambridge (University Library, Ms. Ge 3.27) and Istanbul ef. M. Krause, “Stambuler 
Handachriften islamischer Mathematiker”", in Quellen und Studien sur Ceschichte der Mathemati 
Astronomie, und Physik, Abe. B, Vol. 3 (1936), p. 491. Two additional Arabic copies in Hebrew chur- 
acters are preserved: Berlin, Ms. Hb, 682 Qu (ef. M. Steinschneider, “Sekriften. der Araber in bebri 
iechen Handschriften"",Zeitschrift der deutschen morgenländischen Gesellschaft 47 (1893),355) ad Jewish 
Theological Semivary of America, Ms. Hb. Mier. 2650 (the text is incomplete and only one table ap- 
pers). F. Kicin-Franke haë given a brief description of à fragmentary Yemenite copy in Hebrew chat: 
acters of al-Birüns Elements of he Art of Astrology { Kiryat Sefer 47 (1972), 720, in Hebrew). Came 
bridge University Library Ms, Add, 1191 contains tva texts in Arabic written in Hebrew characters 
ja « Yemenite band. The first text is another copy of al-Kbaragi's Küdb olrabsira (folios 1-18b)i 
both tbe beginning and the end of this treatiée are missing in this copy (ef. (b) above). The second 
text is Jäbir ibo Aflah's 1sldh al Majistr (folios 194-1410), and it colophon (f. 1314) gives the date 
of the copy as 1665 Seleuci .)s the begianing of this treatise is missing here, Another 
Arabie copy of thix treat is found ia British Library Ms. heb. Or, 10,125 foios 
92h-175h. 

3. P, Kuniteseh lists ait copies of the Arabie Almageat in Der Almagest: Dia Syntaxis Mathematics 
des Claudius Piolemäus in arabisch-lateinischer Übertisfrung (Wiesbaden, 1974), pp: 44-46. The Cass- 
bridge manusaript, which is not mentioned there, follows the Iéhäq-Thäbit version for the moet part, 
but the Hajjäj version for Book VII 2-4 (ef. Kunitzéch, pp. 131 fF.). The star catalogue is missing and 
most of the tablés come at the end, following Book XIII. 

4. M. Steinschneïder (op. cit. n. 2), pe 450. 
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Introduction: Hebrew manuscripts are an important source for Arabic 
science, often containing texts that otherwise do not survive, Three types 
of texts can be distinguished : Arabic written in Hebrew characters, translations 
into Hebrew, and original Hebrew treatises based on Arabic models. In the 
areas where Arabic became predominant most Jews adopted it as their ver- 
nacular as well as their literary language. But beginning in the twelfth century, 
particularly in Spain, they began to use Hebrew for scientific and philo- 
sophical purposes. By the end of the middle ages we find such Hebrew texts 
being written in Spain, southern France, Sicily, Greece, and Turkey. More- 
over, we find Arabic texts in Hebrew characters from these places as well as from 
Egypt, Syria, and Yemen. The study of this vast array of documents sheds 
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1. The best bibliographie study is still M. Steinschneider*s Maihemaiik bei den Juden published in 
a series of articles between 1893 and 1901 and reprinted in a single volume (Hildesheim, 1964), See also 
Æ. Renan, “Les écrivains juifs français du XIVe siècle", in Histoire Littéraire de la France, Vol. 31, 
1493, 

2. (8) For Egypt we have a number of documents from the Cairo Geniza: See, for example, B. R. 
Goldstein and D. Pingree, “Horoscopes from the Cairo Geniza®*, Journal af Noar Eastern Studiés 36 
(1977), 113-144. 

() For Syria I have found only one astronomical text in Hebrew characters and it is from Aleppo, 
dated 1482 (Jewish Theological Seminary of America’ (JTS4), Ms. Hb, Mier. 2621, folios 1-28). The 
vite x given in the colophon as Kitdb al-tabçira. In fact, the text is Kitéb al-tabgira JE “ilm al-hay'a by 

Kharaqi (d. 1138/89 in Merv) as I determined by comparing the manuseript in JTSA with a manu. 
sept in the British Library (BL). The beginning of JTSA Me, Hb. Mier. 2621, fol, la, corresponde to 
BL Me, Add. 23394, fol. 99b:3 (Part 2, chapter 1, in the middle); the end of the JTSA ms, (fol. 23) 
£ürresponds to the end of the BL ms. (fol. 110a: end of Part 2, chapter 14). The colophon of the JTSA 
in, indicates that this copy was executod by David ben Joshua Maimuni, Nagid of the Egyptian Jewish 
community and a descendant of Maimonides, who left Exypt for Syria in the 1310 and is otherwise 
kuowa to have been in Aleppo in 1315 and 1319 (Encyclopedia Judaica (1971), vol. 5, pe 1351). For » 
description of the Arabie text see E. Wicdemann, Aufsäise sur arabischan Wissenschafisgeschichte, Vol. 
2, pp. 634 ff, (Hildesheim, 1970), On al-Kharagï, see also Encyclopedia af Islam, And ed., vol. 4, p. 1059. 

(c) For Yemen, see Y. Ratzaby, The Literature of the Yemenite Jews,” Kiryut Sufar 28 (1952), 
399.400 [in Hebrew]. Of special interest is British Muscum Ms. Or. 4104, a Yemenite manuscript in 
Hebrew characters, wbich contains (1) an Arabie treatise on the motions of the sun and the moon, 
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the theorem of Ptolemy concerning a cyclie quadrilateral. He also used an 
expression for the area of an oblique triangle inseribed in a certain manner 
in a right triangle (ef. (7]). Abü al-Wafa’ exhibits no knowledge of al-Shanni's 
work, although we have seen in the introduction that it is just possible that 
the former was required 10 use a method different from one already known. 

Thus we have exhibited four algorisms for the area of a triangle, and five 
distinet proofs. Of course, by using algebraie techniques, it is not difficult to 
transform any one of the expressions into any other. But it must be remem- 
bered that similarities made obvious by algebraic symbols may not be ap. 
parent when the investigator is constrained to write out his rules in ordinary 
prose, This was the case with our ancient and medieval forebears. 
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Combining (29) and (30), 
Si 75 AB + BGC°— AC 
8.6 — (ABLE AC) L 9 area AABG, 
which is equivalent to (27a), hence (27). 


Q.E.D. 


The treatise closes with a curious passage (82v:36-38) in which the author 
remarks apologetically that areas should not be multiplied together, but that 
he has done s0 for the sake of simplication. His qualms are a vestigial remnant 
ofthe ancient geometrical algebra in which terms of the first degree represented 
line segments, quadratic terms areas, and eubic terms volumes, In his rules 
indeed many quartic elements appear. 


The Background of the Problem 


The earliest of the rules for caleulating the area of a triangle in terms of 
its sides is the elegant 


1) 


where s is the semiperimeter, Although it is known as “Heron's Formula”, 
its discovery is by Birüni (in [1], transl., p. 39) attributed to Archimedes (c. 
250 B.C.). However, Heron’s “Metrica” (written c. 75 A.D.) contains a proof 
which employs the properties of the incirele, similar triangles, inscribed angles, 
apd the properties of proportions ([4], vol. 2, pp. 34-35). 


The same book proves a different rule, namely 


(32) + Ve CRETE 


This expression differs only slightly from Abü al-Wafä’s third rule, (27) and 
Heron's proof is also strikingly similar, employing the same proposition from 
Euclid as does Abü al-Wafa’. Nevertheless, the latter does not mention Heron 
or anyone else in this connection. 

Two proofs of formula (31) have been noted in the Arabic literature anterior 
to Abü al-Wafs”. The earlier (c. 875) is by the Banû Müsä, and exhibits only 
trivial divergences from that of the Heronie Metrica ([2], pp. 279-289). 

The second is by a certain geometer named Abü ‘Abdallah Muhammad 
b. Ahmad al-Shannï (e. 950). He uses the excircle, similar triangles, and a 
property of a broken line inseribed in a circle ([1], pp. 39-40). It is considerably 
more involved than Heron's proof. 

In a different source the same al-Shanni states and proves expression (1), 
Abü al-Wafs’s first rule. The two proofs differ widely, for al-Shanni applies 
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Two More Rules 


After completing the proof, the text states that it is possible to calculate 
the area of a triangle by operations performed upon its sides as such. Expressed 
in modern symbols, the rule is 


@6) L V (+) — a) (fe D} — à). (B2v:21.25) 


No proof is given; perhaps it was felt that (1a) and (26) are eufficiently 
similar that proof of one suffices for the other. 


The author goes on to say that there is yet another rule for the area of a 
triangle in which no altitude is employed; it is 


1 LE 
(27) 5 V cat (LEE) (82v:26-28) 

For this a proof is given. Before presenting it we restate the expression 
above in terms of the capital letters on the figure. The text has a separate 
figure but the previous one will serve. 


To prove 
—— 
(7) 5 Var.cr = f area AABG 
Proof: 
AB° + BG — AG° + 2.GB-BD. (82v:29) 
This is Proposition 13 in Book 2 of Euclid’s Elements ([5], vol. 1, p. 406). 
Hence : 
 LEC_1C 
(28) BGBD - À +RE AE, (82v: 31) 


Square both sides of (28) and subtract each side of the result from AB*:GB' 
to obtain 


@9)  AB.GP— RC. BD AB op — (AP + HO AC), 
The left band side of (29) is 
GB BD) 8 = AD" .5@ 
= (AD. BG) (82v:35) 
(30) = (2 area AABG):, 


by application of the Pythagorean theorem to AADB, and the fact that AD 
is an altitude of AABG, 
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proportional, and the angle they enclose is common, the triangles are similar), 
So angle BK Y is a right angle (for triangle ZBT, similar to it, is inscribed 
in à semicirle). 
Also TZIK(Y] = TBIBK 
(Thé text has KB. The segments are corresponding sides of similar triangles. 
Squaring both sides), 


TZUYR® = TB'/BK* (82r:34) 

Further, 
(Hi) (TZ — KY°) | TZ° = (TB — KE) / TE 
(since if x/y — uv, then {x—) /x = (u—v) Ju. ) 

But 
(8) TZ — KY*° — AD°. (82r:35, B2v:1) 
(This is the second lemma). 

Moreover, 
(22) TB°— BK* - [BL*. (82v:1) 


(The text has NL. To verify this, apply the Pythagorean theorem to triangle 


ÆEBL to obtain EB*— EL* = BL, and to this apply (2), (3), and (5). } 
So (applying (8). (22), and (2) to (21) ) 


AD°/TZ* = BL'/BE". (82v:2) 
And (since AD is the altitude to side a and BE — a/2) 
(23) AD'BE* — area ABG° = TZ EL. 
Now 
(24) TZ! = BZ°— BE. (82v:3) 


{This follows by combining with (2) the Pythagorean expression 
TZ'— BZ'— DT) 
Also 
(5) BI° = BE*— 42 
{which is obtained by combining with (3) the Pythagorean expression 
BL'= BE'— EL). 
(Substitution of (24) and (25) in (23) gives 
(la) area ABG* = (BZ° — BE‘) (BE* — 47). (82v:4) 
Q.E.D. 
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Now 
u7) DE* — 47° = KŸ* 
(To demonstrate this, use (4) and (5) to write DE* — 47° = BY°— BK° = 


YK#, the last by applying the Pythagorean theorem to triangle YKB, is 
proved to be a right triangle at 82r:33 without invoking the second lemma, #0 
the demonstration is not cireular). 


Also 
(18) BZ'— BE — TZ]. (82v:21) 
(Here use (2) to put 

BZ°— BE' — BZ°- BT = TZ 

the last by applying the Pythagorean theorem to triangle ZTB). 

Finally, application of (17) and (18) to (16) yields 
(8) T2 — 3 KV = AD°. (82v:21) 
(The text has KG. A copyist apparently left out the few words so indicated 
from line 21, but the intent of the author is clear). 

QED. 

The Main Demonstration 
(19) BZ° BE = TZ (82r:30) 
(By the Pythagorean theorem, BZ° — TB' — TZ, and invocation of (5) 
yields (19), ) 

BE°— 47° BL" (82r:31) 
pes from the Pythagorean expression BE* — EL' = BL* and nse 
of (3). 

The first lemma says 
(6) HB/BG — DE/AZ. (82r:31) 
Hence 
ZBIBE — DEJA[Z]. (82r:32) 


(The text has AB. The expression follows from the fact that HB — 2ZB and 
BC = 2BE). And (by use of (2), (4), and (5) ) 


(20) ZB/BT = YB/BK. (&2r:32) 
Hence 

YK|| TZ (82r:33) 
Gince by (20) two pairs of corresponding sides of triangles ZBT' and YBK are 
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The Second Lemma 
To prove: 
@) TA — YK = AD (2v:15) 
Proof: 
@ B2 + ZA —2(BZZA) + AB (82v:15) 
(This is immediate upon squaring the identity BZ— ZA = AB). 
(10) 2(B(ZyAZ) = BH-AZ = BG-DE. (&2v:16) 


(The text has BE. The first equality is a consequence of the faet that 
BZ = BH/2. The second equality is equivalent t6 Lemma 1). 


qi) AB° — BD° + DA* 
(by application of the Pythagorean theorem to the right triangle A BD). 
(2) BZ'+ ZA° = 2(BE-ED) + BD° + DA* (82v:17) 


(in the MS the Grst three terms are repeated. To obtain (12), note that by 
ao) 
2(BZ-AZ) = BGDE — a‘ED = 2BE ED. 
and apply it and (11) to (5). ) 
But 
(3) 2(BE-ED) — 2(BLD]-ED) + 2DE* (82v:18) 


(The text has BE. Multiply both sides of the identity BE — BD + DE by 
2 ED to obtain (13).) 


Also 
(4) BE* -— BD° + DE* + 2{BD:DE) (82v:19) 
{This may be obtained by squaring both sides of the identity above, 
BE — BD + DE). 
So 
(15) + ZA' = AD° + BE* + ED* 
(obtainable by taking (12) and eliminating from it 2{BE-ED) by the use of 
(13). There results BZ° + ZA° = 2(BD:ED) + 2DE° + BD° + DA“ From 
the right hand side of this expression, pick the elements of the right hand side 
+ “ra and substitute for them BE*; the left hand side of (14). There results 
Or 


l6) BZ°— BE = AD° + DE°— 47° (82v:20) 
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to the relation between sides b and e. We have taken b > c, implying that both 
sides of expression (1) below are negative, a concept foreigu to medieval mathe- 
maties. However, (7) is slightly misleading, for the Arabie word fagl does not 
translate precisely as “difference”, but rather as “the excess (of one quantity 
over another)". The proof is valid under all cireumstances. 


Construction 

For the proof the text prescribes (B2r:28) the dropping of altitude AD to 
a, and the drawing of semicireles BTZ and BLE with bounding diameters 
BZ and BE respectively. 


Next the laying out of four line segments is called for (82r:29), all chords 
or portions of corde in the semicireles just drawn. They are: 


(2) BT —BE 

(8) EL = AZ 

(a) BY =DE 

(5) [BjK = AZ (The text has YK). 

The First Lemma 
To prove: 

(6) HB | BG = DE | AZ. (82v:9) 
Proof: 

{) BA°— AC° = BD° — DC*. (82v:10) 


since, (by the Pythagorean theorem) 
BA'— BD — AD° = AC'—CD*. 
(The above expression is evidently intended, but the passage is garbled and 
not easily restorable). 
The right hand side of (7) is 
BD*— DG* — (B(D] + [P1G) (B[Dy — [DIG) 
BG - 2DE. 


(The text has at 82v:12 (BE + EG) (BE — EG), which is absurd). 
The left hand side of (7) is 
BA3— A[C} = (BA+4A[G]) (BA — A[G]) (82v: 13) 
= (c+b)(c—b) = HB:2AZ. 
Hence 
BG-2DE = 24Z.HB, 
whence 
(6) HB}BG = DE }AZ. (82v:14) 
Q.E.D. 


LE 


R] 


Restored version of the text figure. 
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missing, and that the original version was a challenge to produce a proof dif. 
ferent from one already current. Be that as it may, the verbal rule which follows 
is clear. Expressed in modern symbols it is 


a) V}er -H0e GT … (ral) 


where a, b, and € are the lengths of the sides of an arbitrary triangle. Passages 
ju the text will be identified, as is the expression above, by a pair of numbers 
separated by a colon, the first giving the number and side of the folio, the 
second the line. 

For the demonstration which follows, a figure is utilized. transcribed 
où page 23 below. The Arabic letters of the MS have been replaced on ur figure 
by Latin characters according to the system given in [6]. 

To prove (1) Abü al-Wafä’ makes additions to the figure and then, with 
the aid of two lemmas, goes through a long series of deductions which even- 
tually yield what is desired, The next three sections below duplicate his argu- 
ment. except that we have compressed his verbal statements into symbolic 
expressions, and whereas he leaves the proofs of the lemmas until after the 
main theorem has been disposed of, we prove the lemmas first. 

The text has two more rules giving the area of a triangle in terms ofits 
sides, there being a proof for the second rule of the two. This material also is 
paraphrased by us below. 

But, of course, the problem of determining the area of a triangle in terms 
of its sides is far older than Abü al-Wafä”, It apparently reaches back to Ar- 
chimedes, and between his time and the tenth century several rules and variant 
proofs were worked out. The concluding sections of our paper list these rules 
in approximate chronological order and discuss the relations between them. 


Enunciation of the Theorem 

In the triangle ABG, (82r:25, see our version of the figure) extend AB to 
H, making AH = AG — b. Bisect BH at Z and BG at E. It is to be proved 
that 
(la) (BZ°— BE‘) (BE° — 42) —'area 7. (82r:27) 

Since from the figure BZ — (cb)/2, and 

AZ = BZ— AB = {(b+e)/2}—e = (b—c) 12, 

expressions (1) and (1a) are equivalent. 

In the text figure, wbich has apparently suffered at the hands of succes- 
sive copyists and is grossly inaccurate, AB has not been extended, so no H 


appears, Where Z should be, a second D has been written (the cognate Arabic 
letters sa’ and dâl resemble each other). There is no indication in the text at 
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Abu al-Wafa’ and the Heron Theorems 
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Introduction 


ANUSCRIPT 4871 of the Zähiriya Library in Damaseus contains a 

number of Arabie translations of philosophical tracts from late antiq- 

uity. Several of these have been published. What is less well known is that the 

same manuscript includes many scientific works, in great part unique, and of 
vonsiderable historical interest. 

This paper discusses the contents of one of them, a short treatise which 
covers most of a single folio only, 82, reproduced in facsimile here on pages 
20 and 21 by kind permission of the librarian of the Zähiriya. 

Two individuals are mentioned at the beginning of the treatise, both being 
known to historians of the exact sciences. The first, the presumed author of 
the writing, is the famous Abü al-Wafs' al-Büzjani (940-998), a mathematician 
and astronomer of Khurasanian origin who lived and worked in Baghdad 
(B} vol. 1, pp. 39-43. Here and in the sequel, references enclosed in square 
brackets are to the numbered bibliography at the end of the paper. However, 
any square brackets which appear in algebraic expressions denote restorations 
of errors or omissions in the Arabic text of the MS). 

The second is one Abü “Ali al-Hasan b. Härith al-Hubübi, here called a 
canon lawyer (fagih), in other contexts given the title of judge ([11], p. 197: 
110}, p. 336). He was evidently a contemporary of Abü al-Wafa, as our text 
bears witness, Beyond this, Abü Nasr Mansür b. “Iraq (in [9], p. 424) mentions 
a letter sent by Abü al-Wafa’ to al-Hubübi concerning some developménts 
in spherical trigonometry. Al-Birüni in his treatise on chords ([1], transl., p. 
17), gives two proofs by al-Hubübi of a certain theorem. Al-Käshi ([8], p. 
229) attributes to him a method of solving problems in the algebra of inheri- 
tances, AI-Käshi calls him al-Khwärizmi, thus implying that he or his ante- 
cedents stemmed from the region south of the Aral Sea, 

The Zähiriya MS states that al-Hubübi requested from Abü al-Wafa' a 
proof of the rule for calculating the area of a triangle without having recourse 
19 an altitude, Here the text seems to be corrupt. It is possible that a clause is 


“The American Research Center in Egypt, 2 Maydan Quér al-Dubara, Cairo, Egypt; and the ns 
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f160r 
by Ptolemy for the distances between the deferent center and the equant from 
point Q, ie. the center of the universe, for any planet, then what appears of 
these motions will be in agreement with what appeared to him (i.e. Ptolemy) 
by observation. 
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then its center will be point L and the sphere will be called the director (al- 
mudir) sphere of the epicycle. 

Let this sphere be sunk into the thickness of (another) sphere whose eurved 
parallel surfaces are around center K, so that it is tangent to its parallel sur- 
faces in such à way that the surface of the director is tangent to its outer 
und inner surfaces. That sphere is called the carrier sphere (.e. deferent). 

When this sphere makes 4 full revolution the center of the director will 
then describe a circle whose center is point K, and that is the (above-)mentioned 
middle circle, 

And as the director moves around center L, the epicyele of the planet, ie, 
point E, will describe the small cirele which is inside the sphere of the director, 
ie. the (above-)mentioned circle ASE. 

Now if the deferent moves uniformly, point L will move along the cireum- 
ference of the third (circle) LINM whose center is point K. It will then move 
through its motion the sphere of the director. With the motion of the director 
sphere the center of the epicycle will also uniformly move along the small 
circle ASE and around its center, i.e. point L, at the same speed as point L. 

So if point L moves along:the circle LNM to point N and (then to) M on 
the left-hand side of cirele LNM, then point E will move on circle ASE on the 
right-hand side to point 0, then to point H. 

Now if you imagine the situation as we described it, let the center of the 
director and the epicycle be at any assumed position. Then we join lines KFN, 
DZOC, and NOR to the circumference of the epicycle. 

Then 1 say that the two lines K FN (and) DZOC are parallel. 

Its proof is that are LN of cirele LNM in all positions of point L, i.e. N of 
cirele LNM, is similar to arc FO of the small cirele, Then the two angles EKN 
and FNO are equal. And lines KN and DO are parallel. Then ADO — angle 
LKN. And the motion of point E, 0, around center D is similar to the 
motion of point L, i.e. N, around center K at any assumed time and place. 


But the motion of point N around center K is uniform, hence the motion 
of point © around center D, i.e. the center of the equant, is uniform. This re- 
sulting motion of point O around center D is composed of the two uniform 
motions of points L and E, i.e. N and 0. 

That demonstrates what we said, that if point E moves with the sum of 
the two motions mentioned (above), it will have a uniform motion with respect 
to point D and equal in spced to the motion of cirele LNM. 

Ifthe eye is assumed to be at point Q of line TG, and its distance from T 
were to be equal to the distance of point T from point D, then these distances, 
when their values are of the same qnantities assumed (over a millenium before) 
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by as much as the distance between the two centers, and if thé center of the 
epicycle of the planet were imagined to be at the point where the small circle 
is externally tangent to the one of the two original circles whose center is closer 
to it, then if the small cirele moves and with it the point of tangency, i.e. the 
center of the epicycle, in the direction opposite to that of the motion of the 
center, And if the center moves with the motion of its deferent, then the center 
of the epicycle moves with its motion, ie. with the motion 


£.159r 
of the small cirele and its own motion on itself, in a motion composed of these 
two motions in such a way that it is thought to be simple and uniform at the 
center of the cirele that is more éccentric from the eye, which is called the 
equant, 

As for the center of the epicycle, the point of tangency mentioned 
above, it looks as though it were earried along the cirele whose center is closer 
to the point of sight, on account of the fact that the center of the epioycle 
will be on this circle at its two distances, ie. its farthest distance from the eye 
and its closest distance to it. And since it is very close to its circumference at 
the remaining portions of its distances (dhurwa), that has led Ptolemy to 
believe that the center of the epicycle is coïncident with its circumference, 
and it describes it with its motion (Fig. 2). 

Let us give an example to illustrate (that) very clearly. Let there be two 
equal cireles intersecting in the same plane. The first of them, which is called 
the equant by Ptolemy, has points À BG on it and its center is point D. The 
second, which he calls the sphere carrying the center of the epicyele (i.e. defer- 
ent), is circle EZH with center T. Let the two (cireles) intersect at points W° 
and Y. We join the line DT that passes throngh the centers and produce it 
to the circeumference on either side, Let it intersect circle ABG at the points 
E (and) H. We then biseet line DT at point K and with it as a center we draw 
a circle with à distance DA, i.e. the radius of the first circle, and (mark) in it 
points L, IN, (and) M. It will bisect each of the two lines AE and GH at points 
Land M. 

With point L as a center and with distance AL we draw circle ASE, It 
will be tangént to circle À BG internally at point À and tangent to circle EZH 
externally at point E. Let 


f. 159v 
point S be on the right-hand side of the small circle. 
It is obvious then that the radius of this circle, i.e. EL, is equal to line DK, 
ie, half the line connecting the centers of the first two cireles ABG and EZH. 
If we then assume that the first two circles ABG and EZH are fixed, and 
that the sphere surrounding the epicycle of the planet is tangent to the epicycle, 
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Butif 
158v 

the two equal angles were the interior ones that are on the same side, i.e. angle 
GAB = DBA as in the remaining two cases, then we produce from D a line 
parallel to AG and let it meet line AB at point Z. 

Since AG is parallel to DZ then angle CAB — DZE. Therefore DZB = 
DBZ and line DZ — DB, i.e. AG and is parallel to it. 

Then the two lines AB and GD are parallel, and that is what we wanted to 
show. 


N. 


In the same way, if two equal cireles intersect on a plane surface and their 
centers are joined with a straight line that is produced in both directions to 
their cireumference, and if we mark the midpoint of the line joïning their 
centers and make it a center of a circle whose radius is equal to the radius of 
either of the two circles, then the circumference of this circle euts the two 
segments of the straight line that is between the two circumferences of the two 
cireles at their midpoints. 

This cirele intersects each of the two cireles at two points other than the 
points of their original intersection. 

If we make the point at which this cirele cuts the two segments that are 
between the two cireumferences a center and with it draw a small circle tangent 
10 the two original circles, then the diameter of this circle is equal to the dis- 
tance between the centers of the two original cireles. 

When the center of the small circle moves along the circumference of the 
third cirele, which is the middle one of the three circles, until it reaches the 
diametrically opposite position on this line, then the small circle will also be 
tangent to the two cireles to which it was tangent in the previous position, 
internally and externally, so that it will be externally tangent to the one to 
which it was internally so, and conversely with the other circle. 

If one were to imagine the center of the epicycle of a planet to be carried 
on the circumference of this small cirele, and (the circle) itself were assumed 
to be moving arouud its center in the direction of the rodiacal signs on the 
upper are, ie. the direction of the movement of the center, and in the reverse 
on the lower are, and if the two motions were equal and the two original cireles 
assumed to be fixed, and the eye (baçar) were assumed to be on the line that 
passes through the centers and distant from the center of one of the two cireles 
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hän) and is not obtainable otherwise. Its aceurate determination is very diffi- 
eult and rather cannot be achieved with high refinement (istigga") in a way that 
no slight inaccuracy is incorporated into it. And when any amount (of error) 
is incorporated into it, even if it be small, it will become quite apparent after 
the passage of time and will increase as the time increases. 

The verification of that can only be achieved through testing by observa- 
tions time after time. For that reason we must select the observations that are 
close to us in time s0 that the amount that we miss (ie. the error) does not get 
multiplied several times. 

And since our contemporaries and the kings of our times and those who 
have the authority bave no bent toward this science, and we ourselves are 
lacking on account of our weakness and the expenses of our dependents and 
the lack of a helper, we did not say anything about it (i.e. observation) without 
testing as would the authors of stjes do when they add and subtract on their 
own without any evidence ner do they have any proof except their ignorance 
of the method by which these things are derived. They are (encouraged ?) 
+0 do so by what they see of the variations in the books of the people of this 
science and hence each of them selects mean motions for himself and sets them 
down. 

For that reason the contradictions in these zijes are obvious. But let us 
return now to our discussion of the planets and say: 

The center of the epicycle appears to be carried by an eccentric sphere, 
and its motion appears to be uniform with respect to the center of a sphere 
other than the one by which it is carried on account of the motion of the epicy- 
cle center which Ptolemy thinks is simple, but it is not s0. (On the contrary) 
it is composed of two equal and uniform motions around two centers other 
than the ones described above, i.e. the centers of the carrier (deferent) and 
of the equant that he had mentioned. 


But when the center of the epicycle moves with the two motions that we 
will describe the résulting uniform and composite motion will look as if it is 
simple with respect to the center of the equant. 

Let us then introduce that with a useful reminder (tadhkira) by saying: 
Every straight line upon which we erect two equal straight lines on the same 
side so that they make two equal angles with the (first) line, be they alternate 
or interior, if their edges are connected, the resulting line will be parallel to 
the line upon which they were erected. 

Erect on line AB the two lines AG and BD so that they surround with it 
the two equal angles described (above). Let line GD be connected. 

Then I say: Line GD is parallel to line AB. Its proof is to produce AB to 
Æ. Then if the exterior angle DBE is equal to the interior angle GAB as in the 
first two cases, it is obvious that the two equal lines AG and BD are parallel. 
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“Some of the esteemed modern workers in this science (sind‘a) say in this 
place: If something is to be taken as a reference point for any motion, it must 
be stationary with respect to the moving thing so that motion will be due 
only to the moving body as it draws away from it or comes close to it." 

This same statement is made by Shaylh Imäm in Marsh 621 in the relevant 
discussion of the moving center of the lunar deferent and which he uses as his 
own axiom to begin his new model, Furthermore, Quyb al-Din, as usual, takes 
issue with this statement, hence proving that the author of Marsh 621 is a 
different person. In addition, this demonstrates that the work of Shaykh Imäm 
was available 10 the Marägha scholars and was actually incorporated into 
their works, 

In what follows we give à translation of the text appended to this paper, 
from Marsh 621. fol. 157v-160r, attempting to be as literal as possible, only 
inserting a few explanatory words in brackets here and there to facilitate 
comprehension on the part of the reader. 


Translation 
f. 157v 

As for the correct astronomy which agrees with what is obtained by ob. 
sexvation and is apparent to the eye and (also) agrees with the accopted prin- 
ciples without any variation, we will explain it in the simplest way we can. 
We will also show the position of the spheres, which produce the continuous 
simple motion that is uniform with respect to their centers. The uniform 
motion is the one through which the moving (body) describes equal angles 
at the center of its mover in equal times. The non-uniform one is the one that 
is not s0. 

You must know that achieving such a momentous result in a correct fashion 
is of the highest human intellectual degrees and it is actual perfection of the 
theoretical part of the mathematical (sciences). 

The researcher ought to accept in this science the ancient observations 
that he thinks are true, such as those of Hipparchus and Ptolemy, for they 
were trustworthy in knowledge and in practice. Let us accept what they have 
recorded by way of observations through which he (ie. Ptolemy) himself used 
to work and upon which he based his computations, that he derived through 

f. 158r 
geometry (khuja), and mean motions that are taken from periods of revolution, 

As for the period of revolution and the daily motion of the planet in meun 

longitude (ivasa{) and in anomaly, its verification depends upon testing (imti- 


5. We transeribe here the text from Mursh 621, fol, 124v:1-3, to facilitate the comparison. 
20 Hall di 4 EU DR dl ce due Se Val ae an ll Al à] v 


ut es Domi We je Lél ai où de ll a 
Qutb al-Dins text comes from the Idrdk, British Mus. Add 7482, fol. 52v:10-12, ca 
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this paper. We summarize here the tentative results reached so far and report- 
ed in the article mentioned above." 

The author of Marsh 621, at this stage, can be called al-Shaykh al-Imäm 
as the scribe refers to him on fol. 126r. He must have lived between 1138 A.D. 
and 1272 AD, 

Shaykh Imäm did not participate in the activities of the Marägha observa- 
tory, for he says that he has no access to new observations. Hence he was 
probably writing before 1259. This author suspects that Shaykh Imäm was 
not Mu'ayyad al-Din al-°Urdi, a likely candidate.* 

Shaykh Imäm was not known to Ibn al-Shätir except through the works 
of Qutb al-Din al-Shiräzi. 

And finally, it is highly probable that the “Tüst couple” grew out of Imäm's 
model as a logical consequence. 

Due to the historical significance of this source, this author has undertaken 
a full transeription of it, but will give here only the relevant section on the 
planetary model with an English translation for the benefit of the reader who 
is not familiar with Arabic. 

Qutb al-Din and Shaykh Imäm 

The first reading of Marsh 621 revealed the identity of Shiräzÿ'e planctary 
model and that of Shaykh Imäm. À first working hypothesis, however, was 
to assume that Marsh 621 was some earlier work of Shirâzi reproduced in the 
Nihäyat al-'idräk of Qutb al-Din in a different format, That hypothesis ran 
into immediate problems, for the author of Marsh 621 is referred to as deceased 
by 1272 A.D., as was already noticed by Goldstein and Swerdlow,! wherens 
Qutb al-Din was still writing in 1281 A.D. and lived till 1311 A.D. 

The task remained, however, to prove beyond doubt that the phrase 
gaddasa *Allähu rühahu (May God bless his soul) is to be taken literally, and 
hence to establish Shaykh Imäm as different from and eaxlier than Quih al 
Din. 

Hence it was necesary to examine the work of Qu{b al-Din with this ques- 
tion in mind. The present writer did so, braving Quyb al-Din's ‘exasperating 
waits” of prolixity and repetition, coming upon the following passage of the 
Nihäyat aL'idräk: 
de ie lu ue Que il 4 0 Les &bal Jai ge ot JO ou dû n 

ee ail 4e al 4 Us de dpt aol 0, 4 at Ji ait CSL 0, 


3, Those resulté were first reported ou December 12, 1978, in a commentary read at the Boston 
Colloquium for the Philosophy of Science. The full text of the commentary will be published in the 
proceedings of the Colloquium. 

4. Op. cit, pe 146. 

# Note odded in proof: {a au article appearing in Jsis the present author has now established 
dat al-Shaykh al-Umäm was indeed al°Urdi (d. 1266) and that the text preserved in Mursh 621 
was written before the building of the Marägha observatory in 1259. 


Kigure 1, Sketch (not to scale) illustrating the two models, 


The Original Source of Qutb al-Din 


al-Shirazi's Planetary Model 
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Introduction 


STUDY: published some tivelve years ago reviewed the information then 

available concerning late medieval planetary theory. In this article, more 
space was devoted to the wark of Quib al-Din al-Shiräzi (A. 1280 A.D.) than 
to any other individual. The model he uses for all the planets except Mercury 
differs from those of his contemporaries, Nagir al-Din al-Tüsi and Ibn al. 
Shätir. It was then remarked that perhaps the unique feature of Qutb al- 
Din's arrangement had not been invented by him. but had been inherited 
from a predecessor, 

This paper introduces a text,* anterior to that of Qutb al-Din, in which 
the distinctive device is fully described and motivated, As such, it constitutes 
the earliest successful effort thus far discovered to eliminate a supposed fault 
in the Ptolemaic system, It was a belief widely held in antiquity that the motion 
of any celestial body must be cireular and uniform, or a combination of uniform 
circular motions. Ptolemy's equant device (see Fig. 1 below), although imposed 
by the facts of observation, violated this principle. The mechanism here ex- 
plained conforme fully 10 the requirement of uniform circularity, retains the 
effect of the equant and yields predictions differing only slightly from those 
obtainable with the Prolemaie model, 

In a separate article, the involved problem of authorship and priority as 
well as the relationships among the members of the “Marägha School! has 
been treated in some detail, and further research is still going on to unravel 
the intricate relationships and historical questions involved. Nevertheless, 
there seems to be no way in which future research can change the thesis of 


“Department of Near Eastern Languages and Literature, Fuculty of Arts and Sciences, N. Y. U., 
Washington Square, New York City 10003. 

LLE.S, Kennedy, Late Medieval Planetary Theory"?, Isis, 57 (1966), 265-378. 

2, Bemard R, Goldetein and Noel Swerdlow, “Planetary Distances and Sizes in au Anonymous 
Arabic Treatise Preserved in Bodleian Ms, Marsh 621, Centaurus, 15 (1970), 135-170. The author 
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